Noise Book 



UNIVERS; 

LIBRARY 



OU 174577 ? 


73 

■< 


N I VERBAL 








ROOliKEE TREATISE OR ClVlk ERGIREERIRG. 


SECTION VII. 

ROADS 


FIRST EDITION. 

TO BEPLACB THE SETENTH EDITION (BEVISBD). 


BY 


Mr. W. P. HOUSDBN, 


Superintending Engineer^ United Provinces, Public Works 
Department, Buildings and Roads Branch. 


ROORKEE : 

PrIKTRD at tub PhOTO.-MbCH. and LiTHO. DbPAXTMBNT, TROUASON Col-LEaE. 

1928. 

On sale at the Book Depot, Thomason Collese, koovkee. 

[.4W nghts reserved by the Secretary of State for India in Cownal.] 




PREFACp. 


This is a Manual for students and young engineers and 
not a treatise for experts. Written for the use of students at 
the Thomason Civil Engineering College, Roorkee, India, by 
one who was trained at that college and aftferwards served in 
the United Provinces ; it deals chiefly with the roads of Upper 
India, but the later chapters introduce the senior student to 
the roads of other countries. The writer has read with interest 
the books and papers mentioned below and gratefully acknow* 
ledges the help he has received from them. 

W. P. Housden. 

Dated the 2 lit May, 1918. 


The making of highroads, ... 

Road-making and maintenance, ... 
Highway construction, ... 

Elements of highway engineer- 
ing, ... ... ... 

A text-book on roads and pave- 
ments, ... ... 

Roads and pavements, 
Road-construction and mainten- 

2ll]C6^ ••• ••• 

Treatise on mountain roads. 

Roads: their construction and 
maintenance, 

Roads and streets, ... 

The construction of carriageways 
and footways. 

Modem road construction. 

Practical road engineering for 
the new trafiSc reejuirements, . . . 
The maintenance of macadamized 
roads, ... ... 

Practical road-work, 
Road-preservation aud dust^pre- 
vention, ... ... 


A. E. Carey. 

T. Aitken. 

A. T. Byrne. 

A. H. Blanchard. 

F. P. Spalding. 

I. 0. Baker, 

Major E. M. Paul, r.e. 

Gen. H. St. Clair Wilkins, r.e. 

A. Greenwell and J.V. Elsden. 
H. Law and D. K. Clark. 

H. P. Boulnois. 

F. Wood. 

H. P. Boulnois. 

T. CODRINGTON. 

H. T. Wakblam. 

W. P. JUDBON. 



(ii) 

The prevention of dnst in 'Indian 
city roads and streets, ... E. V. Biohabds. 

Military Works Handbook, India. 

Roorkee Treatise on Civil En- 
gineering. ^ 

Gonnty Councils Association, 

Hoad Conference, 1909. 

First International Road Con- 
gress, Paris, 1908, ... Q.M. Harms and H.T. Wakklam 

Second International Road Con- 
gress, Brussels, 1910, ... Report by Colonel Maolaqan, 

R.E. 

Third International Road - Con- 
gress, London, 1913, ... Report by R. J. Kent. 

Specifications of the Road Board, 

London. 

Note on hill bridle-paths, ... H. J. Oliphant. 

Note on- the maintenance of roads, A. 0. Vebrierbs. 

Some notes on road maintenance, W. G. Woop. 

Roorkee Professional papers. 

The Surveyor and Municipal and 
County Engineer. 



CONTBNtS 


SECTION VIlI-Roads. 

(JHAPTEU 1. 

IXTIIDDI CToltV tJKNKKAI. I’JUNCI MLKfi. 

Para 


Roads, why made. 


P.Tth.<, ... 

... . * • 


2 

Limiting ^nnlc. ... 

... ... 


,'> 

Direction. 

... » • • 

• ■ » 

6 

Easv nooo^sarv. 

... • • • 

• • • 

8 

Deviations, 

... • • • 

« ■ • 

9 

Towns near line, 



10 

Three starnlard eases. 


m • 9 

12 

Mininiuin j^n-ade, 

... • • • 

9 9 9 

13 

Geological eon sjdfMa tions, 

. • . • • » 

a ■ • 

14 

llaAiiie crossing, «.« 

• • • • • » 

• ■ • 

1.5 

Wide roads (suited to (rathe) are best, 

• • • 

16 

Need £or judgment in <i<‘sigo, 

... • • ■ 

• 99 

17 

How to consider each ca.se, 

... • • • 

9 99 

\ 

18 

CHAPTER 11. 

OoK't'Ol.’Rs AM:» <tHAI>lESTsi. 


(Joutours. ••• 

•a* 

. ft « 

22 

8calc of slopes, ... 

• ** • • • 

... 

28 

Gradietils, ••• 

« » * • * * 

« ft t 

30 

Minimum gradient, ... 



32 

Buliiig gradient, 


4 S • 

34 

Traction, ••• 


. « • 

37 

Maximum advisable gradient (plains), ••• 

. * ft 

48 


(hills), 

. ft ft 

49 

Loads should suit grades, 

• . * » » • 

ft ft ft 

50 

Resistance on various .surfaces, ... i*. 

ft ft ■ 

54 

Advisable incrf*asp in length of roail, 

.ft ft 

55 

i 

‘HAPTEU lit. 



OURYKS AXl) Cll.VEin’Si 



tjurves, , M iii 

ikh 

^ i • 

59 

04 

„ in streets, w 

■ f ■ • • * 

• t • 

for niotor Iraffic, 

••f ••• 


65 

^ * 
locreusetl width at ctirves, 

fff ♦*! 

##♦ 

64 



roNTFATs. 


It 

^Ujier-clcvation at ciine*^, 

roNTFSTs. 

• ■ • • • • 

• ft • 

I’AtlA. 

1:7 

('Urves on bridle-roads. 

« • • • • ft 

ft ft ft 


at railway crossings. 

• • • * « • 

• ft ft 

7(1 

Culverts, 

* • ft » • ft 

ft ft ft 

71 

Waterway, •.« 

• ft A • ft ft 

ft • ft 

12 

t-ulvort approaches, 

• • ft ft • ft 

• . . 

74 

Discharge from drainage area. 

• • • ft ft ft 

• • 4 


Oulverts for heavy motor traffic, 

• 4 4 

78 

liHAPTEK IV. 

Sectiok of a metalled road in 

liADflf ••• •** a*. 

THE PLAINS. 

4.4 

79 

Danh^ ••• 

• • • • • « 

4 • • 

81 

Motalling-width, 


• 44 

83 

Meta I li ng-thicknc , 

• • t at. 

4,4 

85 

Uistory of road^J 

• • • • • • 

4 4 4 

8G 

Roman roads, 

• • • • • • 

4,4 

88 

Early French roads, 

* • t • * • 


8'.' 

Trrsaguot road. 

• * t « » • 

• 4 4 

90 

Macadam road. 

« * « » • • 

« t • 

92 

Telford road, ..4 

« « « • , * 

* . « 

96 

Prt“*ent-day method, 

• « • « • • 

4 , t 

99 

Formula for thickness, 

« < « « t • 

1 1 * 

lol 

>*Sliapc ol profile, 

4 « • • ■ 4 

« 1 , 

]ii;l 

?*^ide slope of bank, ••• 

* ■ * • 4 • 

4 1 * 

110 

Platl’oniis for repair metal, 

4 t * 4,4 

• I 4 

111 

Railings. ••• 

4 4 4 4 « * 

4 4 4 

112 

Culvert*', •«« 

««« « 1 * 

• •t 

113 

Furlong stones, ..t 

444 444 

• •• 

lU 

Milestones, ••• 

« 4t 4 4 4 

* 4 4 

115 

Boundary stones, 

ft4* 44# 

«4« 

116 

Trees, ••• «!• 

««• 44« 


117 

Road crossings, 41 # 

«4t 444 


118 

fShcitcrj 

444 fttft 

**• 

119 

OHAPTEll V. 

glltVEV AND E6T1MATE UF 

H0A1> IN FLAT COIN Til V 
Cfosb-seCiiotl) «.» ... 

A METAJ.LKll 

4 

« « * 

126 

preliminary' reOoUUtlisstilicc, 

444 iff 

4 « 1 

is: 



fJOXl'KKTS, 


Iff 


Vaha 


Travers^*, **• 

SurVOV, ^rt 

Drawings, tt* 

Formation lino, tt» 

Estimnto, 

Lining out, 

t'onstrnotion. ••• 


• •• 

t If 

• 1 1 

«f » 

• If 

• • • 

• • • 


• •• 

• * I 

IIP 

• f« 

p IP 

• • p 


m 

125 

127 

129 

130 
133 
135 


CHAPTER VI. 


Hu A. HOADS. 

Reconmiis'-aiio^’, up 

• • • 

... 

137 

Vertical and horizontal systems, ... 

• 1 » 

... 

140 

Hoad trace. 

• f * 

... 

141 

Starting survey, 

• V • 

... 

142 

Simple method for narrow roads, ... 

» 9 C 

... 

145 

Arens of ontting. ... 

• ff » 

... 

14d 

Kotaining wall's an<l breast walls, 


. * « 

147 

Inward <ilope. 

• 9 # 

... 

149 

Outward slope, 

* 9 • 

... 

150 

Section with a crown, 

• a 9 

... 

ISi' 

TV idth, ... IIP • • • 

• ■ 9 

• * • 

160 

Glitters, ... 


• . • 

101 

SeuppeiN, ... 

• 99 

... 

163 

Lining out. p.# 

9 9 9 

... 

164 

Measuring work, 

9 9 9 

... 

106 

Maintenance, 

9 9 9 

p p p 

168 

(Imkrata road, ... ..p 


ppp 

173 


CHAPTER VI I. 

KaXKAI! t'OLLEOTlOX A>'n CONSOLIDATION. 


Kankar, 

9 9 9 

... 

ppp 

174 

Quarries. ... 

9 99 

... 

ppp 

176 

Hates for digging, 

9 9 9 

... 

... 

177 

,, carriage, 

• 9 9 

... 

ppp 

180 

Stacks on road, 

9 9 9 


. « • 

• 187 

Collection. 

9 9 9 

. • « 

... 

190 

Size, 

• 0 9 

... 

... 

193 

Oonsolhlation, 

9 9 9 

... 

... 

195 

Scarifying. 

• • a 

... 

• .p 

200 

Spreading. «.# 

9 9* 

* pp 

P ip 

m 



w 


OON'Tms. 


Ramming, 
Lighi<, ... 
Patris, . , . 
R'li tiS) • • • 
(Vt, 


• •• 

• tt 

• •f 

« 1 1 

• vt 


• 

• ft 

• « t 

• • f 


*«* 

«tt 

^ • • 

f • • 


('HAPTER YITT. 

StoXF. C'OLI,KCTfOX AXD CO^lFOLTT) ATIOX . 


• t • • • ■ 

Rojid hiKWi] N|^M‘cifioatiou, 

1- ost , • I ■ • • • 

Ston<‘-<‘vnslior< ... 

Tcsls^ ••• 

( 'On.solidntion, ... 

Binding. ••• 

Watov, ••• 

Soar living. ••• 

Dry rolling. ••• 

Ligbts, ot(*.. 

St«'ain-rollor>. ... 

Foundation and <}n’(*ading, 
Consolidating, ••• 

Stone and iron rollers, 


CHAPTER TX. 

riOJlD MAISTKNANCK, 
Maintenanoo, ••• 

Road gang (^see also 2C0 — 2fi3), 


Mate’s order ••• 

Patching, 

Steam-roller for patchwork 
Rats, «t. 

Further duties of road gang, 
Repairs to milestones, etc., 
Bridge inspections, ... 
Registers, ... 

Depths of inetaJ, 

Quantity of metal required, 
Statistics, *.t 



Stt §•• 

• • ••• 

#• a • • 

I •• • # * , »#• 

99 999 999 


? A&Jti 

20S 

207 

20S 

210 

2U 


2n 

217 

218 
219 
221 
22 .") 
2:11 

2:$5 

2>^d 

2;5S 

2:19 

240 

241 
24:i 
247 


249 

253 

254 
25fi 

258 

259 

260 

264 

265 
2C7 
268 

271 

272 



CiaSTUXTs, V 

OHAPXBE X. 

Abboricultfue, PaBA.. 


Arborionlttiro, 

• t • 

• ft 

• • • 

• •• 

274 

Sohemo, 



• • • 


275 

Usofiil troos, 

• • • 

• •• 

• ft 

• • t 

280 

Niirsicrios, 

• ■ ■ 

• • • 

• • • 

• • • 

282 

Plnntino out. 

1 ■ • 

• • • 

• • a 

... 

28.^ 

(xuards, ... 

• • • 

• • • 

• * t 

• . I 

284 

Wat(n*iii«;, 

• • • 

• • • 

t t 9 

• I • 

285 

Tondiiift. 

• • • 

• • • 

• It 

* • • 

286 

Loppin^-. 

f • • 

• • » 

• • • 

• • • 

287 



CHAPTER 

XI. 



Eabth roads— 

-Tempoharv roads— Bridle-roads. 


Earth roads, 

, . • 


• • • 

... 

288 

l{oads in America. 



9 • • 

... 

289 

Draina;;*!, 

... 


ft 9 9 

9 9 9 

290 

Grados for oarth roads. 


9 9 9 

9 9 9 

292 

Split lo^ dra;'. 

• • • 


t • • 

9 9 9 

294 

Hopairs, ... 

• # • 


• I I 


295 

Toniporarv roads, 

« f » 


• * • 

• • • 

298 

Santi. 

• • • 


9 9 9 

9 9 9 

299 

Marshy land, 

• f • 


9 9 9 

• 9 9 

300 

Hill roads. 

• • • 


9 9 9 

9 9 9 

.301 

i -lift* gallorv, 

• • V 


• • • 

• 9 9 

302 

llridlo-roads, 



9 9 9 


30.3 

( 'ross-soction. 

• • • 


9 9 9 

• 9 9 

30;-) 

Drains, ... 

• t • 


• • • 

• • . 

307 

Da ra pots. 

• • • 


• • • 

9 ft 9 

308 

Bridges and scupper? 



9 9 9 

9 9 9 

309 

IJepaii’f!, ... 

• • • 


• • • 

9 9 9 

310 



CHAPTER 

XII, 



Dust-prrvkktion and 

MODERN ROADS. 



Dust prodncerSi 

• • • 

• • t 

... 

... 

311 

Watering. 

• • , 

.A 

• 9 9 

. . • 

.312 

Sea water. 

a • • 

... 

ft 9 9 

• • . 

.314 

Dhloride of calcium, 

• • • 

• •• 

• •• 


.315 

California oil. 

• • • 

• •• 



316 

Petroleums, 

• • • 

••• 

9 9 9 

• • . 

.%17 

Besiduum. 

•■IT 


9 9 f 

••• 

817 



V) 


C021TEKTB. 


Oil emulsions, ••• ••• 

Oil gftf® tari ••• ••• 

Tar, tar-painting, tar-spraying, ... 
Tar-Jipraypr?, ••• ••• 

Tar mac^adam, ••• ••• 

Tarmac, ... ••• ••• 

Use of refiir^e destructor clinker, ••• 
Asphalt roads, ... • ••• 

Sheet asphalt, ... ••• 

(linker and R>phalt, ... ••• 

Bock asphalt, ••• 

Asphalt bricks, . • • • * • 

Litbofalt, ••• 


• . • 

I f » 

... 

11. 

• • f 

• • I 

• I • 

. • f 

III 

I I • 


e • • 

... 

« f . 

• • . 

... 

... 

ft. 

. t * 

... 

t * . 

■ * . 

I I I 

« • . 


Para. 

:119 

320 

.321 

332 
3.33 
33s 

333 
340 
344 
3.!»1 

352 

353 

354 


CHAPTER XIII. 

Streets, carriageway^, GrTXERs. sidewalks. 


Streets, ... 

... 

Widths, ... 

• •• 

Position of tramways,... 

• •• 

Materials, 

• •• 

Crown, ... ••• 

• •• 

Granite setts, 

• •• 

Wood blocks, ••• 

• •• 

Bricks, ... ••• 


Durax, ... 


Pitchmac, rocmac, etc., 


Ideal Pavement, 

• •• 

Relative table of pavements, 


Gutters, ... 


Sidewalks, < 

• •• 

GnllioB, ... ••• 

• •• 


CHAPTER XIV. 


Diameter and width op wheels. 

Heavy motor car order. 

Pressure of wheel, ... • • • 

Experiments, Morin, 

Dupuit, ••• ••• 

,, Miohelin, 

,, Baker, 


355 

359 

364 

366 

368 

371 

372 

374 

375 

376 

378 

379 

380 

383 

384 


.385 

386 

387 

388 

389 

390 



COX'TFJKfS. 


Paka. 

Expenmciits, Bntlisli Association, ... ... o9() 

,, Sir J. Macncil, ... ... ... ^92 

Intensitv of pressure, ... ... ... ;594: 

Iiulian Motor Vehicles Act, ... ... ... 

Tyre widths tor carts, ... ... ... ;U)9 

A])|>endix 1. — Area of cuttings and of retaining and breast Page. 

Nvalls, ... ... ... 1 

Appendix 2. — Notrs on oiling roads at Boml)ay, Delin’ and 

Allahabad, ... ... ... ,,, xiv 

Appendix — Itoad board s|H‘citications, tar, etc., ... xxii 

Appendix 4. — Extracts from the rules made under the Indian 

Motor Vehicles Act — United Provinces, ... ... xxxi 

Aj^pendix 5. — Kesolutions of the Hoad Congresses, Paris, 

Brussels, London, ... ... ... xxxvi 




CHAPTER 


Introductory general principles. 

1. made in orJ(;r to facilitate the carriage of passengers 
and goods from })lace to place with the least (^xi>cnditurG of motive power 
consistent with economy of construction and maintenance. 

2. The first idea of a road is a path , or track, on which a foot- 
pa sstmger can travel. In forests trees are perhaps “blazed,” or marked, 
to show th(^ direction ; on the* prairi<\s men travel by compass, or by the 
stars, or by watching tlieir own shadows. Successive travellers following 
th(^ same route will tr(‘ad down a path, which is the first stop towards 
road-making. On such a road rivers would bo crosscnl by swimming, or 
wading, or by means of rafts, or of felled treses used as bridges over 
narrow streams, while ranges of hills would be passed by following tho 
beds of streams as far as possible*. 

3. As intercourse inci’eas(\s various animals are used as beasts of 
burden. Pack horses wer<* employed in England down to a very late 
period ; caniels, horses, mules, asses and bullocks are used all over the 
East, while even. shce|) and goats carry tea and salt over tho passes 
from India to Thibet. The employment of any of these animals neces- 
sitates the improvement of the roads, the footpaths are widened, the 
jungle is cleared, rude bridges are made. 

4. But animal power is always more economically employed in 
draught than in carriage*, so carts are built for conveying goods and 
passengers, Indter gradients l)ecome necessary, the road must be raised 
clear of inundation, better bri(lg(*s must be provided, and eventually tho 
road surface must be metalh'd to diminish friction. 

5. With each st«^p of iiTiprovemcnt it is found that the traffic can 
pass easily over some gradients, or longitudinal slopes, on the road, hut 
is check(Hl l)y others. ()>'er a rougli country the tracks made by the 
inhabitants for themselves and their cattle arc as direct as possible, but 
they arc com})elled to deviate from the straight line where the footpath, 
or cattle track, reaches ground which slopes at an angle steeper than 
men or cattle can climb. So also the road engineer is compelled to 
deviate from a direct route in order to admit on the road only such 
gradients as the traffic can traverse with case. Th(3 steepest gradient 
considered advisable would be the maximum, or li miting , or r uling 
gradient for the road, and in order to avoid steeper grades, it would be 
necegisary for engineer to cut through obstacles or to go round themi 

1 
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CHAPTER I. 


f). The (irst considoration in laying out a road connecting two 
points is that they should })(‘ joined up hy tli(' shortest route, hut a road 
that is straight in plan is not always the host and easiest and cheaiu^st, 
for a straight road may ikmhI ste(*p gradi(Mits, or d(i(‘p cuttings where 
th(^re ar<‘ hills, or high hanks wh<‘re valleys have to he traversed. It is 
g(‘ncrally blotter to go round a hill than straight over it, lor in this way 
easier grade's can ho S(‘cur<Ml without, of neci'ssity, lengtluuiing tin* road, 
sinc(‘ a road round a hill is not always longcT than a surface road over it ; 
but cases may aris(‘ in which it would ])e IxdtiT to imj)i'ov(‘ the gradients 
on a straight road ])y ex(\'ivation, than to luake a long detour as the 
engineer has to avoid too lengthy a road as W(‘ll as to avoid ov(T-(‘xertion 
of animal ])OW('r. 

7. It is also inadvisahl(‘ to carry a road into low-lying land where 
high banks ar<* n(‘ce>sary, it by a inoderati* d(‘viation it can he run on to 
ground wliero good grad(‘s can he secur(*d ; hut, on the otluT hand, it may 
be advisable in som<‘ cases to adopt the straight (unhanked lim*. Circuin- 
gtances will decide' each cas('. 

8. Easy gradi(*nts, as stated at)OV<‘, art' mort' imi)ortant on a road 
than a badly-graded direct route, a fact which must always be borne in- 
mind ; but, at the same tiuit', excessivt' hmgth must be avoidt'd, for, if there 
is any unnt'Ct'ssary incn'ast' in tli<‘ h'ngtli of the road, timt'. will be wasted 
in travelling ov(*r it, and there will bt' uiint't'i'ssary ('xja'iuliture on its 
construction and mainh'iiance. For tlu' purpose of avoiding a steep 
slope it is allowable to increase tht' h'ligtb of a rontl surfaced with broken 
stone by as much as, or more than, liftt't'n or twenty tinu's tin* v(*rtical 
height avoidi'd by th<' detour, but no arbitrary rule or formula can be laid 
dow^ii for cases such as this, sinc(‘ tlu' advisable incn'ast' di'peiids not only on 
the road surfaci', but on tlu* natun' of the country and on the tinu* which 
would be taken in travc'lling over the d<‘tour. See paragrajdis 55 to 58. 

9. Small di'viatioiis do not add much to thi' length of a road. A 
deviation to the right or left of a straight line (‘([ual to 10 per cent, 
of the length of tlu' liiu' will incri'ase the hmgth by 2 per cent. only. 
This allows for some' latitude* in design and for the* inclusion, in the 
scheme of a road, of towiis and villages of any importance' which arc not 
far from the line. Where such towns ami village's are* inclnele*d in the 
scheme, the^ road wonlel ordinarily pass through any that had good wide 
streets, and would skirt those* of which the ■streH‘ts wore^ narrow, or 
crooked, and therefore* e^xp'iisive to widen and improve. 

10. Whe*the,r towns and villages situated at some distance to the 
rigl^t ox loft of the direct line should be included depends on commercial 
Gousiderations as well as on the physical character ot the country# 
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la a new country the* situation of towns is often doterminod by the posi- 
tion of the pioneer roads, but in an old country the alignment of a now 
road may dop<Mid on thi^ positions of towns, or on land vala(‘s, as well as 
on the natural featun^s of tin* country. 

11. Sup})os(^ that in a country in which the natural features do not 
dotermino th(‘ aligniiuMit of a road it is desi*r(Hl to make a road fromiA to B, 


c 



and that there is, on on^ sidc^ of the line, a town 0 which it is advisable 
to include in the scIkmik* on account of its im[)ortanco ; the junction of 
the” three towns may Ik* ehectiMl in thn*e ways. In the first j)lac(‘ three 
roads AB, A(\ (dl may lx* mnd(‘. Tliese woulrl reduce the distances 
betw(H‘n A and B, A and B and ( - to Uk* least ])ossibl(‘ hmgth, but 
the <'xpens(‘ would Ik* great and th(* aggregate h^ngth of tlu* roads would 
be gT('at(‘r than if, from a ])oint D on tin* road AB, a branch road wero 
made to in a diiv'ction p(*rpendi(uilar to AB. By this st'cond method 
the h'ligth of th(' roads would be decreas<‘d and only a slight incrc'aso 
would b(^ occasioned in the distance b(^twe(*n (’ and the other two towns. 
The third way would Ik* to join At ■ and liC, and, as a rule, it may be 
taken that this m(*thod is the best and most (jonvc'nient for the public, 
that is to say, that, if tin* idiysical character of Hk* country does not 
d(*termin(* the course of the road, it will gmierally b(* found best not to 
adopt a p(*rfectly straight line*, but to vary tin* line, so as to serve the 
princij)al towns near its general course. 

12. In laying out a line of road th<*re an* tlirji: ^cas(*s which may havo 
to be treated. First, two j)laces to bo conn(*ct(‘d may both be situated 
in a valh^y and upon the same side of it, that is, th(*y an* not separated 
from each oth(*r by tlu* main stn'ain which drains the valley. This is 
the simpl(*st cas('. S(‘Condly, though both are in the* same valley, the two 
places may be on the o])posite sides of the valley, b(*ing s(*parated by the 
main river. Thirdly, they may be situated in differ(*nt valleys, separated 
bo an intervening ridge of ground inon*. or less elevat(‘.d. In laying out 
an extensive line of road, it freciuently happ(*iis that all theses easels have 
to be dealt with, and each will have to be treated on its merits, for the 
numerous and diverse circumstances met with in the construction of roads 
%vc such that no definite rules can be laid down to embrace all cases. 
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13. In European and Amorioan practice a mini mum g radient is 
rocommondod, that is, roads should not ho cjuite hned, for sH^ht gradients 
keep a hotter road surface tlinn a d<'ad level, as th(\v drain hotter. See 
paragraphs 32 and 33. 

14. Th(’i question of the extent to which gradients (jan reduced hr 
curves and cuttings is oft<ui decided hy tlu' geologi(^al structure of the 
country. In some cas(\‘< tlie whole alignment depemds on ge ologica l 
or Oil tin* (jiiestioii of water-sup[>ly along the route, anduTe 
engineer, in prospecting for his line, should pay particular regard to these 
matters. He will find that then‘ is bfteii a great diffenuicc' in the 
character of the ground on oj)po>ite sid(^s of spurs and valhws, for while 
one side may bo bare and rocky, tlu' other may ho covi'n'd with soil and 
forest, and have easy slo])es and a good wat('r-suj)])ly. Tlu* fon^sts will 
yield timber that is useful in many ways on road works. The tr('es and 
bushes will give shade and mak(' the road pictur(‘squ(‘, whih' hn^aking the 
force of the rainfall. N(‘verthel(‘ss it may sometimes he better to carry 
the road along a bare rocky hillside as in j)lac(‘s wIuut snow li(»s long on 
the ground, or where the shelt<^re<l side of tli(‘ spur or valley is liable to 
landslips. The stratification will ofhm determiiu* the aligmmmt, for, 



Bectlou which is liable to slip. 


Fig. 3. 



Section which l» likely to be safe unless there Is a fault In the stratai 



wtboductoby gkneral principles, 
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Section which requires i)enching back on one side, 
whorft tho strata nr(' inolinod, a road on tUo sido of tho hill towards which 
they dij) would he liahlo to slip, while a road on the otluT face of the 
hill would prohahly be safe. In such cases a o;oo<l (h^al would dop(»nd on 
the angle of inclination of the strata and the angle of repose of th(^ 
soil. 

15, Wher(‘ a road A crossc's a stream by a causeway there is a 
choice of two alignments for the approaches as AB, A(/, and if B giv(»s 

5. ns good a cross- 

ing as f', tho site 
B should he chosen 
for the causeway, ns 
AB IS shorter than 
AO though on the 
same grade. 

Iti. Hoads sho uld he m « |de as w ide as is consistent with traffic needs, 
for wide roads wear better and dry easier than narrow ones. They 
should also, as far as possible, be raised above the level of floods. 

17. ( ionsideration will show that the choice of a road alignment, 

while depending on principles more or less easily stated, requires judg- 
ment and tho exorcise of much common sense. Especially arc care and 
skill and judgment necessary when the construction of a hill road is being 
considered. In level country there are not, as a rule, many alternative 
routes between two points, but in hilly country there may be several. 
One line may give good gradients, but may provo to be too long, another 
may be more direct, but may have to descend after a long ascent. A road 
may rise 1,200 feet between two points A and B, and also rise 400 feet 
in going from B to A? though A is 800 feet lower than B. The problem 
is to eliminate this superfluous rise and yet to secure as direct a route 
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as possible without groat cost. The following case is sometimes quoted 
as showing what Improvement can be made in laying out a road 

An old road in Angl(»soa rose and f(dl b<'tween its extremities, 
24 miles apart, a total perpendicular amount of 3,540 feet ; while a now 
road laid out by Telford betwe^tm the same })oints rose and fell only 2,257 
feet 5 so that 1,283 foot of vortical height is now doiu^ away with, which 
every horse passing over th<‘ road had pr(»viously been obliged to ascend 
and d(^s«end with its load. The new road is, besides, more than two miles 
shorter. Such is on(‘ of the results of the labours of a skilful road- 
maker.*’ 

18. The following example of how the comparative cost of construc- 
tion may be approached in tlu^ simple case of short lengths of road in 
the plakiMjf India will prov(‘ of interest. It is taken from Chapter II. 
of the 7th edition of th(‘ College Manual on Hoads : — 

“The following nnnnoranda, by an experienced Road Engineer, on 
this important siil)j(ict, tliongli n<'C('ssarily applying to a oc^rtain class of 
roads, i.e., those in th(‘ plains, are a good example of the way the subject 
should b(' looked at 

The average section of our Imperial roads in Upper India may be taken at as 
follow: — 

Breadth of top of cuibankmont, 40 feet. 

Height of embankment. 4 foot. 

Slopes, 5 horizontal to 1 vertical. 

Breadth of arche.s of bridges, 30 feet. 

Breadth of metal, 16 feet by 0 inches thick. 

Rate of earthwork, Rs. 2-8 per 1,000 fubie feet. 

Rate of consolidated metal per inch deptli per mile, Rs. 750. 

Cost of maintenance per mile yearly, IN. 750. 

Cost of drain bridges per running foot of waterway, from Rs. 75 to Rs. 100 up to 16 
feet span. 

Cost of large bridges, from Ks. HOO to Rs. 400 per foot. 

From the above data We obtain the following comparative cost of embankments, 
bridges and metal for this class of road : — 

Cost of one mile of embankment (40 x 20) x 4 = 240 (aj Rs, 2-8 per 1,000 =» O OO, or 
Re. 0-9-7 per foot. 

One mile cost 5,280 x 0*60 = Rs. 3,168. 

The cost of drain bridges is 87 .g p^j, of large bridges Rs. 360 per 

foot run of waterway. 

Therefore the cost of one mile of embankment equals only 36 feet of waterway for 
drain bridges, and less than tot nf Inrge brjd^n 

One mile of metal exists 760 x 9 = Rs. 6,760, or more than double the embankment ; 
and taking the maintenance of road at Rs. 700 a year for metal and Rs. 50 for earthwork, 
at 20 years’ purcliase, we have metal 700 x 20 = Rs. 14,000 a mile ; therefore the cost of 
metal 1%R8. 20|760 a mile or more than six times the cost of the embankment, and it is 
evidmit that all cross-drainajm should be avoided where practicable, and that the keiffht ef 
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emhankmenitt xlwidd not be ^to oivch taken Into oomideration t-n the length of road, so as to 
save metal. 

Hecoiidly, as the cost of metal is such an important item, and as this so much depends 
on the distance from the quarries iij a- new iiue, the proximity to material for 

metalling xhonld form a Derg great reason for adopting otui line in preferenvoe to aiwther. 

Supposing the wear and tear of metal to be 7, r>tH) cubic feet a year per mile, and that 
8 annas j)er 100 cubic feet are saved for each mile the road is nearer the quaiTies, the 
actual saving per aniiuiii would , Ijc Us. .‘17>8 a mile, which at 20 years' purchase equal 
Ks. 7o0. Thus, if 4 miles could be saved in c arriae- e. it would equal the first cost o f the 
embankment nearly ; or the road may be lengthened one-sixth Ixjtween two points without 
adding to its cost, that is, it might be lOMW; per cent, longer, which would admit of a 
diversion of alxjut one-third of the total distance out of the straight line. 

Lastly, where nothing is to lx; gained by deviating from the straight line, either in 
avoiding ilrainage or being nearer kankar Ijcds, the embankment may lx; raised as follows, 
without adding to the cost of the road, with the following rates for e arthwor k 

Height of embankment up to o feet, Us. 2-8 per 1,000. 

„ alxm* o and up to 10, Its. 3 per 1,000. 

„ ,, 10 and up to 15, Us. 3-8 per 1,000. ^ 

Saving in distance 1 mile in 2. or embankment may be raised to 13*00 feet, 

1 •. 3 ,1 ^ 

1 r . ^ . i 

I r ** >) ^ 

1 V f. „ i 

1m m 7 „ I 

1 .. M 8 M i 

1 M V ^ h 

1 M M Id M iV 

I „ „15 -.V: 

That is, if the road can be hlioi’h'.iied l-20th to l-l,”>th of its length, it will allow of an 
addition of one foot to height on an average throughout the whole leiiglli of embankment ; 
from 1-1 5th to Itlth, we may adtl l-i feet ; from l-lKh to l-7th, 2 feel ; for l-6th and l-5th, 
3 feet ; if \ is gaineil, 4i feel ; where t» feet : and where the distance is halved, we may 
add no less than 0 feet to the height of euibankmeiit. Tleit is supposing a valley to 
intervene, which is one mile broad, and reqtiires an embankment averaging 13 feet high to 
cross it, and that by going a circuitous road we should avoid this bad ground, but add one 
mile to the length of the road (all other circumstances remaining the same along the line) 
it is as cheap to make the 13 feet embankment as to go the same circuitous route, while 
travellers are saved one mile. In other words, it is very seldom a road should be made to 
deviate from the straight line on account of earthwork only, except in a hilly country 
where steep gradients would interfere. 

Considerable devia* ions can, however, be made from the straight line without adding much 
to the actual length of road, as will lx; seen by the following ; — Let A and U be (say) 40 miles 
apart, and half way, at the point C, lay oil the, 
peri>eiidicular line CD. Suppose CD is one-tenth of Ai$, 
the line ADB will only exceed AU 2 per cent. The En- 
gineer, therefore, at half the disUnce between the two 
points to be connected, has a breadth of 8 miles to 
select from, without adding more than 2 per cent, to 
the whole length of jroaU. 


F'g e. 
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As long as the dii*oction of no i)art of the line deviates more than 10* either way, from 
the direction of the straight line joining the terminal points of the road, then, for all 
practical [mrposes, the road will be nciirly as short as tlie direct line, while it gives the 
engineer considerable scope for selecting his line. In doing which he should consideri 
firsts the Drainage ; mvondlv^ the supply of metal ; and lastly^ the Barthwor3(, which 
though at first sight it appeiirs the greatest, is in reality insignificant in comparison to 
the ot her two items. 

A straight line is undoubtedly the shortest distance Ijetwecn two points, but nothing 
is more monotonous than to have to march along a straight road. In fact,, one should 
never be able to sec more than three miles along any road ; and this can Ixi easily 
accomplished by passing round a village or a clump of trees, (Curves, however, arc 
unsightly in an o|)eu plain, unless there Ijc some natural feature in the country necessi- 
tating a curve, such as to cross a stream at right angles, or to avoid low marshy ground, or 
some high mound. In the latter case the mound can Ix' taken advantage of in hiding the 
road. Where, however, all is one extensive plain, as one often meets with in India, to put 
a curve in a road and not to hide it appears as if a mistake had been made in lining it out, 
which is worse than a continuous long line. 

Curves may, however, be given at every three miles, so that no [witioii of the road 
can 1)6 sctiii for a greater distance, and the road greatly improved, not only in appearance, 
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but also In comfort to travellers. Suppose the distance between the two points it is 
necessary to connect is 30 miles, and that the country is one open uniform plain. The 
shortest line would, no doubt, be one uniform straiglit, but it would Ijc too tedious and would 
involve long marches of ITi miles each, with nothing to break the monotony of the march. 
By introducing dou>)lc or S curves at every three miles, and planting two clumps of trees 
near them on either side of the road, with a well in the centre of one of them, the road 
could only be seen along thi*ec miles of its length, and wearied travellers would have 
comfortable shade with water to drink, A Tolice (‘hauki could be placed in the other 
clump, as to afford protection to property. 

Supposing DE to be equal to 1,000 feet, and CD e^iUal 60 feet, than V 1,000* + 60* 
ss 1001*24 feet, or nine of these curves may be introduced, and only add to the length of 
the Md in a distance of 30 miles, some four yards." 

19. The rates given in this example do not apply to any particular 
part of India. Those for kankar are higher than are prevalent in the 
Uni^ Provinces where also iwaks are made 30 feet wide, with side 
•lope* of 2 to 1, and are not often of an average height of 4 feet. 
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20. Another example is reproduced from the Manual on Roads, 7th 
edition, Chapter IT, paragraphs 44 and 45, ns follows : — 

“ Say that it is j)roposed to substitute a good metalled road in place of 
a kaohcha road actually existing in any district, the road being already 
raised and bridged. 

As a first step, returns of actual traflfic must be made. These will be 
taken by observers stationed at different points with printed forms in 
their hands, showing the number and descrij)tion of carriages, carts and 
animals, whether laden or unladen, passing to and fro. They should be 
taken for several successive days, care being taken to ascertain whether 
it is average traffic or due to any special and temporary cause, such as 
the holding of a fair of the like. 

The cost of this traffic is next to be considered. Let us neglect the 
question of speed and consider only the weight. Assume that the road 
is 30 miles long, and that 500,000 maunds (of passengers, cattle, grain, 
ete., a very moderate amount) are annually carried. The average friction 
of a kachcha road may be taken at ^^^th of the w(‘ight. The annual force 
of draught required will, therefore, be 25,000 maunds = 2,000,000 lbs. If 
the average power of draught of a bullock at miles an hour for 10 
hours a day be taken at 50 lbs., there would be required 80,000 bullocks 
to transport the above in one day. And taking the daily hire of a bullock 
at 4 annas, the annual cost of transport of iho above traffic would bo 
Rs. 20,000. 

Lot the road now be supposed to bo motalleds — so that the animals 
would draw three times as much as before. 

Tlum the saving would evidontiv be Rs. 13,333 per annum, which the 
carriers could afford to pay either in tools or in paying for the metalling 
themselves. If the money were borrowed at 10 per cent., this would 
represent a capital of 1^ lakhs, and as the cost of the metalling would 
not exceed Rs. 90,000 at Rs. 3,000 a mile, there would bo a clear gain of 
Rs. 40,000 or 30 per cent., besides the saving in time, and in wear and 
tear of animals and vehicles, and the profit on extra traffic, which would 
be attracted to the good road, which might be set against the annual cost 
of repairs. 

Next, suppose the old road is only to be improved by being shorten^ 
a mile by a new alignment of part of it. Then ^^th of the 
distance, and therefore labour = Rs. 667, would be saved, representiii|j 
a capital of Rs. 6,670, and if the proposed diversion can be made for 
this sum, it should be made at once. It is clear there will be a further 
saying in having a mile of road less to repair. 

2 
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Next, suppose that the original road has a heavy gradient, 1 mile 
long at a slope of 10 to 1 to the top of a hill, which it descends by a 
similar gradient on the other side ; and that by making a d etour of a 
mile the gradient can be reduced to 30 to 1. It is generally allowed 
than an animal can draw 2^ times as much in the latter case as in the 

former, so that to draw the above the traffic would cost Rs. — = 

Rs. 3,333 more annually than with the higher gradient ; so that if the 
extra mile could be made for Rs. 30,000 it w^ould bo worth making. 

These calculations will show the principles on which similar ones in 
like cases should be conducted. Some such calculations should, when- 
ever practicable, accompany every design for a new’ road. It is true, ns 
remarked above, that the pecuniary return would nominal, rather 
than real, so far as the Government was concerned, but it w’ould at least 
serve to show the absolute benefit to the community that would arise 
from constructing or improving the road ; and indirectly no doubt a good 
road is as profitable to Government as a good canal.” 

21. As an exercise the student should make the calculations on the 
assumption that the average friction of an earth road is one-tenth of the 
load to be drawn. 


Onc-fifteeiith of the whole distance, 
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CONTOrilS AND GRADIENTS. 


22. A goo<l map is of great help in the choice of the preliminary line 
of a road, and if the map is a contoured one, a good deal of work in the 
field will Be saved. Contours are lines of equal altitude and represent 
imaginary lines running round a hill, or a valley, or a lake, at the same 
level all the way at certain heights above a known fixed point termed the 
datum, these heights Iwung imlicated by the figures written on the lines. 
The vertical intervals between consecutive contours art' equal. The 
horizontal ilistance apart of the lines representing them depends on the 
slope of the ground. When the lines are tar apart the slopes they 
rejiresent are easy; when they are close together they represent steep 
slopes. 

23. Imagine a lake that is gradually filling with water and suppose 
that an outline plan of 
the wetted perimeter 
is drawn whenever the 
water surface rises five 
feet. The completed 
drawing. Fig. tl, would 
show contours at 5 feet 
vertical intetvah and 
contours pointing away 
from the centre, 
salients, would indicate 



drainage lines. Ima- 
gine now a hill, Fig. 10, 
from which flood waters 
are receding. As the 
flood falls 5 feet con- 
tour lines are drawn, as 
in the case of the lake, 
and the completed plan 
again indicates contours 
at 5 feet vertical 
intervals, but in thiJ 


Fig. 10. 





base contours pointing away from the centre of the plan, salieni^ 
indicate spurs, while drainage lines are indicated by contours that lfeii4 
to towards the centre of the plan, re-'eatrants* 
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24. (Contour lines, by their greater or smalh'r distance ajmrt on 
a drawing, have the effect of sha<ling and show at a glance ridges, spurs, 
drainage ^ lines, steep slopes, easy slopes. The heights of points on the 
drawing can be calculated by counting the number of contour lines from 
any convenient level when the contour heights Jire not all marked in 
figures on the plan. The ditt'orence in level betw(»en two placets is found 
by multiplying the number of intervening contours by the vertical 
height between contours. 

25. A rough trace of a road at any gradient can he marked out rapid- 
ly on a contoured plan. For instance, if the contours are at 5 feet inter- 
vals and the gradient is 1 in .‘U) or 5 in 150, it is necessary only to separate 
the points of a divider to a distance apart rej)resenting 150 feet on the 
scale of the drawing, to place oik^ |)oint of the dividers on a contour line, 
and the other on an adjac(‘nt contour line, and a trace of 1 in 30 is at 
once indicated. If it is necessary to ease the grad<^, this can be done by 
scaling off more than 150 feet on the dividers. 

26. A small contoured plan for use in the design of bridge ap- 
proaches, or protective, enilianknients, can very easily be prt'pared if a 
number of levels are taken and plotted on a plan. When this is done it is 
a simple matter to conncict up points of equal altitude. For larg(' plans, 
where a very large number of levels is required, such an instrument as a 
tacheometer needs to be used, to save time and labour in making the 
survey. 

27. Models of hills and valleys can be ma<Ie from a contoured plan. 
To make a model it is necessary to take a tracing of each contour, to place 
each tracing separately on w^ood of a given thickn(\'^s, say quart(T inch 
wood, and to cut with a fretsaw along the contour lines. The resulting 
wooden shapes wdien placed on each other in their correct positions 
and order will form a stepped model of the country represented by the 
map. When the stepped edges have been sloped off by means of wood- 
carving tools and the surface has been painted, the model will be ready. 

28. In dealing with contoured maps it is necessary to under- 
stand the use of a scale of slopes. Gradients may be expressed by 
the difference in level which occurs in a certain horizontal length 
compared with that horizontal length as, for example, 1 in 20 or 5 per 
cent., or the slope may be expressed in degrees of elevation above a 
horizontal plane. A slope of one degree rcpreseiillfe^ rise of one foot 
vertically in a horizontal distance of 57 • 3 feet and .w^or 2°^°, 4°, 5°, 
6° th® distances are 28*6, 19*1, 14*3, 11’4, 9*5 feet, respectively. If 

distances are marked out on the same scale as the contoured plan, 
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they will represent a scale of slopes by which the angles of the slopes 
of the hills, etc., shown on the plan can be measured. 






For all practical jmrposes of rough calculation — 

1° is ecpii valent to a slope of 1 in 60 

2° „ 1 ill :u) 

„ 1 ill 20 

4° „ 1 in 15 

5^" „ 1 in 12 

6^ „ 1 in 10 

20. From a contounHl plan a longitudinal section can readily be 
drawn along any given line on tlui plan liy noting wlu're the given 
line cuts tlic contour lines and setting uj) ordinat(\s at these jioints on 
which the lieights of the points can be marked, and connected by lines 
which will represiMit the surface of the ground. 

30. The gradient of a road is its longitudinal slope, which may be 
expressed in degrees of elevation above a horizontal plane or as a pro- 
portion between the ascent or fall in a certain horizontal length and the 
horizontal length, the tangent of the angle of elevation, as 1 in 20, 
which may also be called 20 to 1 or a 5 per cent, grade. A grade of 1° 
is equivalent to a grade of 1 in 57*3, a grade of 2 ^ is equivalent to a 
grade of 1 in 28’6, and so on, as explained above in paragraph 28. 
Sometimes grades are measured by the rise or fall in a certain 
length, measured along the road surface, as compared with this 
length, i.e., as tlie sine of the angle of elevation which, for grades up to 
6® (which corresponds very nearly to 1 in 10) is about tlu^ same as the 
tangent of the same angle. 

31. The grades allowed on a road vary from the minimum grade to 
the maximum. Between these would lie the average grade which, in 
the case of a constantly ascending or d(^scending road, is the tohil rise or 
fall divided by the total distance. The minimum gradient is the least 
that can be allowed consistent with good drakiage. The maximum ad- 
visable gradient is, ^ steepest grade that animals drawing a load can 
traverse for shori^ distances by exerting about double the energy that is 
needed to move the same load on the level. This is also called the ruling 
gradient^ or the limiting gradient 
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H2. Ill Euro[ioaii and AiiKsricaii practice it is accepted that roads 
should not be quite levid, and th(‘y are made as far as possible with a 
iiiiiiiiiiuiu longitudinal slo]>e for purj)Oses of good drainage. This slope 
is fixed by one authority at 1 in 80, by another 1 in 115, and in France at 
1 in 1:^5. Whih* it is (‘asy iosecun^ a minimum gradient in undulating 
country, or in country that has a natural uniform slo])e, in the direction 
of th('. road, greater than the Hx(‘d minimum gradient, cases must arise 
where the sloi>e of tlu^ country in the dir(‘ction of. tlie road is loss than 
the grade of 1 in 125 indicat(‘d alK)v<s and it would be necessary, in such 
cases, in ord(*r to s(‘cure a minimum gradi(‘nt of 1 in 125, to make a 
series of alt<*rnate .slop<‘s or niversc* gradicmts. In these cases the iniiii- 
Hium slope cannot well Ik' work(»d to. 

33. Th(‘ adoption of a minimum grad(‘ in a Hat country such as the 
plains of India is not always practicable, but, at the same time, long 
stretches of flat road should be avoidinl, e>pecially in cuttings, for, while 
an apj)roximately level road tloes not seriously affect traction, an 
accurately level road is eith(‘r not propmdy drained or has, in towns, 
gutters and sidt* drains which r<*quir(‘ to be madc^ to slope to inconvenient 
depths below ground. {Slight gradiemts maintain a better road surface 
than does a d(‘ad level, a rc^sult which is generally to be attributed to 
the better dnunage on the incline; and it is said that on level roads the 
consumption of materials for repairs, compared with that of a similar 
length of road on a slight incline, and subjected to the same ainoimt of 
traffic, is some 15 to 25 i>er cent, greater in the forincT cas(^ than in the 
latter. The cross-slope of a road, from the centre to the eilgc', is intended 
to assist drainage, but as th(‘ road surface tends to wear into longitudi- 
nal ruts or tracks wlii<Ji interfere with this drainage, water lies on the 
road surface, wlierc it is on a dead level longitudinally, and damage 
results. Whether altenuite slopes of slight gradient are less fatiguing 
to horseslhan a dead level is a matter on which authorities are divided, 
but it is accepted that an approximately level road docs not affect 
traction appreciably and drains better and costs less to luaiutain than 
truly level roads. 

34. Steep gradients, on the other hand, affect traction greatly and 
the question of max imum gradients is of great importsinco. This 
question is closely connected with the character of the road, its align- 
ment, and the sort of traffic that pn'.ponderates in the particular district 
under consid(M:*ation. 

35. Although a ruling gradient may be laid down in an engineer’s 
instritotions for a road in a flat country, he may be able to choose 
a cheap and short line and yet may not be obliged to adopt gradiebts 



COKTOL^KN AND URADlKNTKi 


15 


nearly as steep as the ruling gradient, except in special places such, for 
example, as some bridge a[)proacho»s. In the case of a mountain road 
the ruling gradient needs more consideration, because ihe road is likely 
to be made ns near the ruling grade as possible. The engineer may be 
instructed not to give more than a stated proportion of the length of 
his road, or more than a certain continuous length, a gradient as steep 
ns the ruling gradient; Init if he is not tlnrs restricted ho will adopt the 
ruling gradient, as far as possible, because the steepest grad(' admissible 
is lik(dy to give the shortest and cheapest route. 

3fi. The theoretical niaxiimiin gradient for any given surface is 
fixed chiefly l)y two considerations: one relating to the power expended 
in ascending, tlu^ other to the acceleration in descending tlu^ incline, 
both of which di^pend on the nature of the road surface; but. in practice, 
questions of cost of construction and of the time taken in travelling over 
the road have to be thought of. In the case of mechanically propelled 
vehicles it is possible to calculate apjiroxiinately the influence of slopes, 
and speeds, and surfaces, on tractive^ ))Over: but in the case of animal 
draught the hours of work, and the fact that a horse loses jiower on 
slopes out of proportion to tin* mathematical loss of power, alter the 
problem. All tables giv(ui below must, th('refor(\ be treated as a])proxi»- 
mations. Tlie figun^s, wliib' of little value as an absolute measure of 
what may b(‘ done in any particular case, are of use as a rough compa- 
rison of the relative tractive ]»roportios for animal draught, of different 
surfaces and grad(\s. 

37. Authorities diff(‘r as to what should lie taken as tin* tractivt 
power of a horse, and this is not to be wondered at when the varying 
designs of vehicles, and the varying diameters of their wheels, and the 
strength and s])eed of individual hors('s are taken into consideration 
olong with their ada])tahility or training for any particular class of 
work. For the purposes of the calculations given lielow, it will he held' 
that a horse trotting on an ordinary macadamized road in good order 
draws a load of about 1 ton. It will also he held that the resistaneexte 
tracti on on the level is on(‘-thirtietli of the load, or say 75 lbs., taking 
the load at 2,250 lbs. 

38. Some notes on resistance to traction are giv(ni here. For 
others, the conclusions of Morin, Dupnit, etc., ( 'hapter XIV. should 
be referred to. 

39. Kesistance to traction of a vehicle consists of I. — Wind resis- 
tance, II. — Axle friction, III. — Rolling resistance, IV. — Grade resistance. 

I. — Wind resistance is variable. Its average results must be consi- 
dered as included in the result of experiments on rolling resistance. A 



10 


CH'APTEB II. 


light breeze at 15 miles an hour represents 1*11 lb. per superficial £oot 
normal to its direction, while at a velocity of 50 miles an hour tho force 
is equal to 12*30 lbs. per square foot of the surface exposed to it. 

II. Axle friction has nothing to do with the ordinary surface of a 
road and is less in a properly-designed vehicle than in a rudely- built 
conveyance. 

III. — The resistance of a wheel to rolling is due to the yielding, or 
indentation, of the road which causes the wheel constantly to be climb- 
ing an inclination. It varies with— 

(a) The diameter of the wheel. Morin says inversely as tho 
diameter. Dupuit says inversely as th(» square root of the 

diameter. Clark says inversely as the culx^ root of the 

diameter. Baker says inversely ns tlu^ square root of the 

moan diameter. 

(/.) The width of the tyre. If the wheel tends to cut into the 
road, the resistance to traction is incr(‘as(*d as the tyre 
width decreasf‘S, otherwise the wnMtli beyond 3 or 4 inches 
has practically no effect on tin* tracition. 

(e) The speed. The resistance incr<‘as<'s to some extent with the 
velocity. 

(d) The presence or absence of springs on the vehicle. Springs de- 

crease the resistance to traction by decreasing the concussion 
dii(‘ to irregularities of tho ground and obstacles on a road. 

(e) The nature of the road surface. The harder and smoother the 

surface the l(»ss tlie resistance. 

IV. — Grad<‘ resistance^ is due to tho force of gravity and is repte- 
sontod by w sin a (which is practically the same as w tan a for grades 
up to 1 in 10) whore a is the inclination of tho slope to a horizontal plane. 



40. If a body of weight w is drawn up an inclined planjo, on which 
tho co-eflBcient of friction is ftud which is inclined at an 1 angle of a 
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Jo^roos to tho horizontal by a force T^, considered in those examples as 
parallel to the plan<‘, and if Jt is the reaction peri)endicular to the plan®, 
th(»n ih(^ friction hetwivm the l)ody and th(^ plane, which is indiciited by F, 
is equal to /zR, and — 

Tj = w sin a q- F (alon^* tin* plane) 

=» w sin a 4- ^ j? 

R = W cos a (i)erpendicular to the plants) 

Ti = w (sin a 4 - cos a) (1) 



41. If th(‘ l)()(ly coining down the ])Iano, and if a is loss than the 
angle of friction it needs a for<M‘ To to pull it down, and — 

I’g 4- w sin (I =■ F = /zR = /LI w cos a 
T sx w (fj cos rt — sill a) ( 2 ) 

but if a is greater than the angle of friction the body needs to be 
retarded so — 

Tg 4 - F = w sin a 

T 3 = w (sin a -- cos a) (3) 

42. By ( 1 ) Ti = w (sin a 4 - cos a) 

= w sin rt 4- /u vreos a 
K ut cos a is unity for small values of a, so — 

Ti = ^ w 4- w sin a (4) 

Now /u w is the force that must be exerted if there is friction, but no 
gradient, and w sin a is the forc<‘ that must be exerted if there is a 
gradient a, but no friction, and thus it follows that, for small values of a, 
the pulling forci' on a vehicle wlimi it is being pulled up a slope of 1 in n 

is equal to the pull necessary on a l( 5 V(d road plus ^th of the weight of the 
vehicle. For small values of a, tan a and sin a are practically the same and 
if grade is 1 in n, for which tan a = ^, sin a may he taken as-~. 

If s is written for tan a or sin a or 

T = g w 4- sw = w (g 4- «) * (5) 

And from this formula it is possiblb to calculate the effects of gralients 
Oii solf^propelled vahiclts* 


9 
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Supposo, for instance, that the weight is 2,250 lbs. and the co-efficient of 
friction is then w = 2,250 lbs. on the level, but on a slope of 1 in 20. 

T, Ti 


w = 


— — 


tr 


:m) 20 


= 900 lbs. only. 

43. In the case of animal draught, apart from other matters, the 
weight of the animal has to be considered in calculating the loads that can 
be drawn on slopes, for it is not taken into consideration in estimating 

the amount of the load £l that can l)e drawn on level roads and the 


formula — 

Ti = g w + «w + (6) 

should be used, H being taken to represent the weight of the horse. 

A horse can easily pull with a force equal to one-tenth of his weight or— 
fl 

IQ —SH = ft ^ 8W 



vfsz — 

. « (7) 

and for short distances he can exert about double this pull (sometimes 
more) so that— 



5 

w= 

+• 8 (8) 

and for very brief periods of time he can pull with a force equal to half 
his weight, or more, as in starting a load, 

44. The weights of horses and their tractive force vary considerably 
and the loads drawn may be considered in terms of their weight as in 
Table I below ; — 

Table I. 

Loads drawn in terms of weighUvohen exertion = ^ 


w» 

«-SH 

10 


H 

-=! Tractive force. 

/t + S 


1 Co-officieiit of friction (jl 

Grade S, 

1 

1 

1 

1 

1 


iob' 

30 

20 

10 

Level, ... 

10-00 

3-00 

200 

1-00 

1 In 100, ... 

4-50 

208 

rso 

•82 

1 „ 40. ... 

2-14 

1'2« 

100 

•60 

1 „ 30, ••• 

1-54 

1-(J0 

•80 

•50 

1 , 20. *«• 

•83 

•60 

•50 

•33 

1 10. *•* 

• ta 


... 

... 


This table shows how surfaces aud grades afEect the load that can be drawn 
wbsn tfaa draught power remains unchanged. The dgures are relati^Ot If a horse pulling 
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one-tenth Its w^ght H can draw 4’80 H on a grade of 1 in 100 wbon It can 

draw only J’OS H when itss ~ on the same grade, and It can draw only I'OO H when 

uU 

ax ~ on a grade of 1 in 30. It cannot draw anything over a grade of 1 in 10. 

45. Tho next table expresses the loads lor the same draught in 
terms of the loads on the level. 


Table II. 


Loads drawn in terms of loads on the\level when exertion = — . 


w 



— =. Tractive force. 

w — 

^ = S 


Co-efficient of friction ^ | 

Grade S. 

1 

1 

1 

1 


100 

30 

20 

10 

Level, 

1-00 

1*00 

1-00 

1-00 

1 in 100, ... 

•45 

•U9 

•75 

•82 

1 „ 40, ... 

•21 

•43 

•50 

•60 

1 „ 30, ... 

*15 

•33 

•40 

*50 

1 „ 20, ... 

•OH 

•20 

•25 

•33 

1 „ 10, ... 

... 

... 

... 

••• 

Approximate 
values of fi 

Asphalt Metalled road ^ Earth road 

1 

10 


Thin table shows how, for the same load, power is lost on grades on smooth surfaces 
quicker than on rough surfaces, hut it must Ije remcmlxired that greater loads can be drawn 
on smooth surfaces than on rough ones. 

40, The fact that a horse can exert double the ordinary pull for a 
short time has sometimes been used in connection with the formula— 

T=,xW -H 8W 

to determine the maximum advisable gradient for short lengths, the 
reasoning adopted being that the load for the level road should- be fixed 
BO as to make ^ vv e<jual to the ordinary tractive power of the horse, 
and, since twice this tractive power can be exerted for short distances, 
sw may be made e<jual to ^uw or s = that is the maximum gradient 
should not exceed the co-efficient of friction. '' 

But this calculation omits the effect of gravity on the wieght of the 
horse. The maximum advisable gradient should be calculated from the 
formula — 

2ti= /iW -t- sw -p SH (9) 

Taking ^ i w = 2,250 lbs. on the level, t, = 75 lbs. and = 

750 lbs., the maximum advisable gradient would, in the former ease, be 
1 in 30 and in the latter 1 in 40. 
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47. Table III below gives the load in terms of weight of the horse 
when the tractive pull is one-fifth of the weight, i.e., twice ns much as is 
considered in Table T, paragraph 44. 

Table ITT. 

Loads drawn in terms of weight H when e.rertion = ? . 


T ™ « T ■ , 

WTsss -T Tractive force. 

^ + S 


Grade S. 


Co-efficient of friction ^ 


1 

1 

1 

1 


100 

:w 

2U 

10 

Lerel, 

1 in JOO, 

1 „ 40. 

1 „ 30, 

1 „ 20, 

1 „ 10, 

90-00 

<»()0 

4-00 

2*00 


4'3H 

.3-17 

1*73 


.3 '00 

2*3.3 

1*40 

3*sr» 

2 -50 

2*00 

i-2r> 

2-r>o 

1*H(» 


1*00 

m 

*7.*> 


*.'>0 

1 ff ... ... 

Nil 

Nil 

Nil 

Nil 

Approximate values of 

Asphalt Stouc road ~ Kartb - 

1 

lO’ 


Head with Table I., this tabh* shows that if a can draw 3 times his wcip;ht on a 
level macadam road, he can, by donblintr Ins exertion for a short time, draw 3 times his 
weight oyer a short Iciijrlh of a <j;rad(* of I in -40, whi(*h may thus )k‘ t,akcn as the maxi- 
mum advisable gradient ou a metalled road for liorsc-drawn trattic. If steenor grades arc 
to be used, as they must be on hill roads, the roa<ls must be rediieed. 

4H. Ah regards tho down ^rad<‘, it is known tliat a liorst* can trot 
on a down grade of 1 in 30 on a niotallod road, .so 1 in 40 cannot bo 
objected to. A gradient of 1 in 40 may, therefore, b(‘ accepted as the 

for (juick traffic on short longth.s of a 
metalled road, whenever this gradient can ho worked to, as in the case 
of a road on the plains, whore, as stated above, an engineer can generally 
design a road with gradients which may not Ik* nearly as steep as the 
maximum, 

49. In the case of hill roads, however, it is not practicable to adopt 
oven tho maximum that is desirable in the interests of the traffic. A 
hill road of broken stone planned at 1 in 40 would b(^ expensive and long. 
Roads in the hills have, fJierefore, to be made with st(*epor gradients and 
lighter loads have to bo carried. Experience shows that ] in 20 is too 
seyere a grade to permit of carriages drawn by horses ascending for 
any distance except at a slow pace without a great expenditure of 
energy, so this grade should not be used for any but very short lengths 
even with light loads, and it is not advisable to prescribe it as a maximum 
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gradient. This may be 1 in 25 for a metalled road in the hills which is 
intended for quick traffic, with iM^-rniission to use 1 in 20 for v(^ry short 
lengths where 1 in 25 cannot be arranged for. If the road is not to 
carry quick traffic, the grad(‘. may be 1 in 20 instead of 1 in 25. With a 
grade of 1 in 25 slow traffic could surmount a continuous ascent of 10 
miles without a halt or undue exertion. Such a grad(' would not reduce 
quick traffic to a walk, and it would permit of horses (h'^iccnding with 
safety at a fair s})(ied. 

50. Whatev(*T grade is adopted th(‘. loads should conforni to it, or 
there will be rt‘<sultant crmdty to a»imals, for if, as v(»ry oftcMi ha])pons, 
loads are fixed with ref(ir(‘nce to p(‘rforinance on the level, it is expecting 
too much of animals to r(M|uiro them to haul these loads up continuous 
grades of 1 in 25 wIkmi doubh^ their ordinary exertion will serve only to 
carry the loads ov('r short lengths of 1 in 40. 

51. The remarks made above have refer(‘nce to water bound metalled 
rc¥ids. Any smoother surface would mean (*asier gradients, longer roads 
and greater expensf*. Tar-sprayed metalh'd roads are bcK'-oniing a necessity 
in many countries and will be referre<l to in a later chapt(u\ ( Gobble 
stones, asphalt, wood blocks, stone setts ar(‘ other forms of road surface, 
and each will have its own maximum gradient ; hut thes(‘ surfaces are 
not suitable for hill roads. 

Just as authorities difft'r in matters relating to the draught of 
animals, so in ([uestions of the resistance of surfaces th(‘n‘ are differences. 
Experiments are niadc^ in many ways, on many kinds of surfaces, under 
varying conditions, and it is imj)Ossible to summarises the results so as to 
give a definite* nqjly to flu* (juestioii : — What is the co-efficieirt of fric- 
tion of a give'll road surfacing mate'rial ? ” 

5 J. For broken stone roads e*arly authoritic'S adopted as the value 
of fi and Te'lford jirescribed a ruling gradient of 1 in .30 for the roads he 
improved, admitting, howe*ver, 1 in 22 and 1 in 17 for very short lengths. 
The maximum grade adopteel by French euigineeu’s for macadamized roads 
is 1 in 20. It is evident from what has been said above that no fixed 
maximum gradient can be aelopted in all situations, and it is sometimes 
said that for fast anel light traffic the grade on macadam should not exceed 
2 per cent , for mixed traffic J per ct'iit. may be adopted, while for slow 
wheeled traffic combined with <^conomy 5 pen* cent, should not be 
exceeded, a grade which is pi’cacticabh', but not conv<niient. The maximum 
grades recominended in this Manual for fast traffic on macadamized 
roads vary from 2^ per cent, for exceptional situations on -roads which 
are otherwise provided with very easy grades to 4 per cent, on 
continuous lengths of hill roads, with grades of 5 per cent, in exceptional 
situations and for very i short lengths of a few hundred feet. The 
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Military Works Handbook presoribes a maximum of 1 in 20 for hill roads, 
with 300 feet practically level in each mile and a rise of less than 240 
feet per mile, but it is bettor to work to 1 in 25 as far as is practicable. 

54. From a table of the rosLit ano o to t r a.oti oa,flii. diffe ce n jL,road 
sur faces p repared by Rudolf Heriiig and published in Byrne’s “ Highway 
Construction” the following figures of the resistance in pounds per ton 
are extracted. It should he noted that they are not all from experiments by 
one authority or at the same speed, a fact that discounts their usefulness, 
but they will serve to give an idea of the advantiig(^s of a smooth and firm 
surface. Only some of the figures in^^tlu’s list have been extracted;— 

Uosifstance in pounds per ton. 


Sftnd, .t. 

• e 

e. 

aaa 

448 

Sandy road, ... ... 


• a# 

• aa 

187 

Gravel (loose), 

• •• 

• •• 

• •a 

820 

„ (hard rolled), 


aaa 


76 

Earth (ordinary road), ... ... 

... 

sea 


224 

„ (dry and hard), 



• f 

100 to 76 

Cobble stones (ordinary), ••• 

• •• 

• aa 

•aa 

280 

» (good), 

• •• 

a«i 

... 

76 

Macadam (old), ••• 



aaa 

90 

„ (good, slightly muddy), 



aaa 

76 to 41 

„ (very hard and smooth), ... 

... 

• a* 

»aa 

46 

■ „ (best), . • 



aaa 

62 to 80 

„ (bad), 

... 

• •a 

aaa 

160 

Granite block (ordinary), 


• • • 

• •• 

90 

„ (good), 

• aa 


«aa 

45 

Planked roadway, 

• •• 


■ aa 

56 to 40 

Asphalt, ... ... ... 



• aa 

11 

Iron tramwiiy, ... 



aaa 

11 


55. A question sometimes arises as to the allowable- dncraa^e that 
may bo made in a length .of- i*oad if it is carried on the level in order to 
avoid a height or a dip. 
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If a is less than ^ (the angle o£ friction) 

Ti up AB = w'^ ^sin a + ft cos a) 

Tg down BC ^ m (ficoa a — sin a). 

Ti -h Tg = 2w fi cos a 

which for small values of a is practically the same as 2 ft w. 

Therefore theory says that the length of the road should not be 
increased when a is less than the angle of friction for the work along 
ABC is about the same as along adc. 

5b. In dealing with maximuiu gradients it w\as said that a nearly 
level road does not appr(‘ciably affect traction, and this calculation shows 
there is no harm in short reverse grades, or alternate slops, when the 
inclination is less than the angle of friction. Some pcoj)lc go so far as 
to say th(‘y’ are b<'dter than a level road from the point of view of the 
horse, as a (h'ad lev(d fatigues a horse more than alternate slopes of 
slight gradients. This has not been established. Theoretically they 
give him no extra work to do and they certainly assist in draining the 
road surface. 

57 . When a is greater than 0 

T| w (sin a + cos a) 

T3 = w (sin a -- fx cos a) 

-b T3 = 2w sin a 

Therefore the theoretical work done along abo is the same as that 
done in lifting the weight w through twice the height of the obstacle bd. 


prg, la, 



Now if AE is taken to represent the distance on the level on which 
the work done is equivalent to the work along abo 
AE X ft w = 2 bd X w 
2bd^ 2h 

AE ft ** ft 

ftod the extra length is ae — ac (as ac practically equals ab + bc) t.e.,— 

2h 2h 

AB - — -g- 

For a road on which I* — ^ ® “ ^6 length = 20h, so 

i£ b » 132 fBet, the road luay be oiAdb half a mile longer on the level. 
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58. Tliis is the theoretical increase based on the power expended; 
but reasoning based on tractive force is not equally applicable to roads 
and railways, to animal draught and motors. Vital energy as expended 
l)y draught animals is one thing, mechanical force is another. A man 
would prefer to walk five miles up an ascent of 1 in 24 to tramping 
10 miles on the level. Ho would be less fatigued by his exertion on the 
shorter journey. With draught cattle it is the same within certain 
limits. 'With steam or oilier power the matter is reduced to a question 
of cost. 
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Curves and culverts. 

59. Where a road is for horse-drawn traffic, the radius of a suitable 
curve would depend on the over-all length of the horses and carriage 
and the width of the road, and in American practice it is usual to allow, 
in the case of a vehicle drawn by four horses on a 12-foot road, an inside 
radius of about 100 feet, on a 16-foot roadway 75 feet, and on an 18-foot 
roadway 66 feet. 

60. For hill roads St. Clair Wilkins recommends a radius of 100 
feet, but in difficult situations allows for a curve of 90 degrees a radius 
of 60 feet, for a curve of 60 degrees a radius of 70 feet, and for a curve 
equal to or exceeding a semi-circle a radius of 80 feet, measured in each 
case to the ccntr(‘ line of the road, which is taken as 20 feet wide. 

61. In Franco* it was usual to allow for horse-drawn traffic on main 
and departmental roads of which the tramway is 20 to 22 feet wide, 165 
feet, and in extreme cases 100 fecit ; on principal country roads, which 
are 20 feet wide*, 50 feet, measured prcisumably to the centre of the road 
in each case. 

62. In '‘‘Roads: their construction and maintenance,’’ byGreenwell 

and Elsden, it is said that the curvature on a first class road should not 
exceed 50 feet in radius, although in hilly or mountainous country it 
may be necessary to increase the curvature to a 20-f(iet radius, while 
Major Paul, r.e., “ Road construction and maintenance ” says that 

except in hills or mountains, sharp curves are never required, or very 
rarely, and on a cart-road they should not be less than 45 feet radius, and 
if they are less, the road should be widened to 26 fec't clear at the 
curve. Whether the measurements are to the centre or edge of the 
road is not stated in the case of this or the next paragraph. 

63. Byrne in “ Highway Construction ” says the radius of curves 
should never be less than 50 feet and the curves may be oircular or 
parabolic, the deviations from the tangent in the latter case being less 
than in the case of circular arcs. The width of the wheelway on curves 
should bo increased, the increase being one-quarter of the width for 
angles between 90 and 120 degrees, and one-half the width for angles 
between 60 and 90 degrees. 

64. In streets sharp curves are unayoidable, since a rectangular block 
system will always form the basis of the plan and radii of from four to 
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twelve feet to the edge have to be used, the smaller for wide and tbe 

large for narrow streets. 

65. Now that motorjiaffic has to be considered, such shar p - ou r vo s 
as those of 50 feet radius cannot be regarded as suitable, and though 
circumstances may require the use of curves of 60^ to 80 feet radius 
for hill roads, it will always be advisal)le to see whether easier curves 
cannot he provided. On roads in open country such small radii should 
not be allowed. The First International Koad ( Congress held in Paris 
in 1908 decided that the radii of curves should be as great as possible, 
50 metres or 164 feet at L'ast, th(^ curves being connected with the 
tangents by parabolic arcs ; that the outsid<' of curves should be slightly 
raised, but not so as to inconv(‘nienc(‘ ordinary vehicles, and that no 
obstructions to the view should be allowed at curves. Mr. Wakolam, 
County Engineer, Middlesex, suggests a radius of 125 feet for motor 
traffic. Less than 2t)0 fc(*t should not be allowed on new main roads in 
India, except hill roads and, as a rule, (»asi(*r curves should be given. 
For other metalled roads 150 f(*et may be allowed. 

66. Sometimes it is advisable to inoyeaso the.width of the metalling 
at curv es and to shift the crown towards the outer edge. This is the 
method adopted by the Los Angeles Highway Commission of 1910. 

Fig. 17. 

Sffemrty widefM^ of road at conte 



In this case the 16-foot road is made 8 feet wider on the inside and 
the road surface is thus “ l)anked ” to some extent. ^ 

67. “ Banking,’’ or supe r eleva tiom me ans that o^iaarves the outside 

of the track should be higher than th(j inner edge to4ieutralize the efiEect 
of centrifugal force, and to prevent a car fr^hi sliding or upsetting 
outwards. The formula generally used to arrive^ at the superelevation 
required is — 

tan a 

where a is the angle of elevation, v is the velocity in feet per second, 
B is the radius of curvature in feet to the centre of the road, and p is the 
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acceleration due to gravity in feet per second. If instead of v the speed 
M in miles per hour is considered, the formula becomes — 

tan a = 

lo U 

Then for a curve of 120 feet radius and a sj) 0 cd of 10 miles an hour a 
cross-slope of 1 in IS is required. The values of tan a for speeds of 10, 
15, 20 and 25 miles an hour and for curves of 50, 100, 150 and 200 feet 
are given in the following table : — 

TABLE IV. 



These figures indicate clearly the value* of easy curves and low speeds. 

6S. In practice it will not be possible to adopt the “ banking 
indicated by this formula for such a si)eed, for example, as 15 miles an 
hour on a curve of 50 feet radius. It will be enough to adopt a cross- 
slope of 1 ill 10 as a maximum and to limit the speed at severe curves. 
As mentioned in the chaptc'r on Hill Boads, thi* slope will be inwards 
on salient and outwards on r( '-entrant curves. The road can often be 
widened cheaply at salients. At re-entrants the widening is more expen- 
sive, as the width of bridges b('twi*en parapets has to be increased. 

69. for bridle-roads_j Io not need to be as easy as those for 
cart-roads. For camel traffic curvi's should not be of less radius than 10 feet 
at centre and on all curves less than 20 feet, the road should be level for 
20 feet. For mule roads a radaus of not less than G feet is needed and 
the roads should lx* lev<*l for 10 feet. 

70. At rail way cros sings the minimum cmwc should be of 200 feet 
radius in the case of all main roads and 150 feet jn the case of other 
metalled roads, measured in each case to the centre of the road. The 
angle of crossing should not be lees than 45 degreesi 
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71. Bridges Jind a re dealt with in the (College Manual oil 

Bridges, and it is not nec(^ssary to make more than a few remarks about 
them here. 

72. The liiunil w?ifo.rvvny (i f road culverts is soiiKistinies worked out 
by calculating the discharges from the drainages arisa by empirical formula} 
and then assuming a high flood level and a velocity. The high flood level 
assumed should apjsroxinuite to tins high flood hsvcsl of the stresam, and the 
assumed velocity should not Ik‘ taken at hsss than, or much more, than, the 
actual or estimated velocity of the stnsam. This is not always carefully 
considered. 

Take the case of a stresam tluit is flowing at 7 f<Mit pisr second in a 
broad shallow bed in which its depth is 2 feet. It would l)(^ wrong in this 
case to assume the high flood levcd as, say, (i fetd and tins velocity as, say, 
5 feet per second, for the velocity cannot In* l(‘ss than 7 feed per second, 
and will be considerably mor(‘ if tlu* stream h(‘.ads iii> to anything like the 
extent assumed, heading up which may swanij) cultivated fields or buildings 
or an encamping ground abov(i the bridgcj site and may d(‘stroy the bridge, 

73. Where there is no objection to flood waters Ijcing held back by 
a road bank sonu} h(‘ading up is advisable and small culverts may be 
adopted, but unless they arc' well i)rotoctod, tluTe is always a chance of 
their foundations being scoured out. It is wcdl, therefore, to take some 
trouble in collecting data as to tluj drainage or catchment area, the flood 
level, the velocity and the soil when culverts are being designed. A 
road engineer can often save a culvm-t by cutting the road bank, and 
ofiin subsequently put in a metalled dip to act as a safety valve, or build 
an additional culvert ; but these (ixi»edients will not give him as much 
satisfaction as a W(dl-dcsigned culvert to start with. He should always 
give the down-stream side of his culverts dee}) foundations unless they 
rest on rock. With these and with liberal waterway to start with there 
will be no need later on for protective works which give trouble and 
cost money. “Bunds” above the culvert may havt^ to be added if the 
stream develops a tend('ncy to cut into the a})})roaches, but the need for 
those may be indepf^ndemt of questions of waterway. Culverts are 
sometimes built with straight wings at right angles to the abutment and 
sometimes with splayed wings. The former are su})posed to create 
eddies, but, as a rule, they ans>vcr very W(dl, for the curve of the bank 
guides the stream. 

74 The approaches o f a culve rt should be easy. They should never 
exceed 1 in 40 on metalled roads and 1 in 30 for earth roads, and the 
culvort should ordinarily be the full width of the road embankment. Many 
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roads arc spoiled hj the introduction of cnlv(‘rts wliich measure but 
little more betw(ieii parapt^t k(‘Tbs than the widtli of the metalled 
portion of the road. This does not apply to bridgfvs which are usully 16 
feet to 20 f(M^t betwiMm k(^rl)S. The, lun^lit of th(^ roadway al)ov(^ bed 
level of the stniaiii should be made, as litth^ as it can lx* coiisistcmt with 
other iKJeds, and tli(^ road surface al)()V(^ tln^ culvert and to distance of 
20 feet on eacli side, of it should b('. made, le.vd. Unless these matters 
an; atte-ndcxl to, motor cars will bumj) as tlu^y j)ass over a culv(Tt. Rein- 
forccid concrete; slabs used inst(;ad of arclies will assist in keeping down 
tlie Immps at culv('rts built ovi^r .shallow channds in plac(;s where the 
road bank is low. 

75. For carrying wat(;r for irrigation across from one; sid(; of the road 
to the other brick or masonry or concrete or j)ipe siphon drain of simple 
design arc* needed. 

76. The Vc'irious formuhe used for calculating the dis charge from a 
small catchment area give; different results. In the United Provinces it 
is usual, except in submontane tracts and for large works, take the 
discharge as follows : — 

The maximum portion of rainfall which is likely to run off the catch- 
ment area in 24 liours may be taken as : — 


9 inches for areas up to, • • 

. . 

.. 1 

square mile, 

0 „ 

• • 
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a run of on(' inch being taken as equivalent to 27 cusecs, the; higher values 
being applied to mil(*s nearer the point of discharge, and the lower 
values to more remote points. 

Thus for 8 squart; miles : — 

1 square mile at 9 iiicliou, •• •• .. •• 9 

2 ,, ,, 0 „ •• •• .t .. 12 

3 & )« •• •« at #• 15 

2;) 4)1 •• •# aa at8 

8 square miles, •• .. #. .. 44 Inches, 

Discharge equals 44 x 27 cusecs = 1,188 cusecs. The results are very 
much the same as those which would be given hy D = 250 where U 
is the discharge in cusocs and M the area of the catchment basin in square 
miles. 

77. Sometimes corrugated-iron pipe culverts or concrete eulv(!rts 
arc used, and of late, yeai's reinforced concrete slab culverts have been 
adopted. Hoad bridges and culverts on main roads should bo designed 
to carry a X5-ton steam-roller (which weighs 16 '6 tons when ready for 
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work). For other roads the loads that bridges are likely to be called 
upon to carry should be considered in each case. 

78. In places where l ie^avy motor vehicle s are licensed, notices need 
to be put up on each approach to a bridge stating what is the maximum 
axle-weight that the bridge can carry. An engineer needs, therefore, to 
study the carrying capacity of all the bridges on each road on which 
heavy motor vehicles are likely to be run. 



CHAPTER IV. 


The ORoas-SEOTioN of a metalled road in the plains. 

79. More land will be taken up for a road on the plains than for 
one in the hills, but occasionally the conditions will be reversed ; for there 
are localities in the plains in which these approximate to the conditions 
predominating on hill roads, and occasionally on the hills there are to be 
found open stretches of country where a cross-section suited to level 
country can be adopted, 

80. For a metalled road in level country it is advisable to acquire 
a strip of land 100 feet wide, wherever this can be done, and to have 
the centre line of this strip coinciding with the centre line of the road. 
Sometimes the width has to be reduced, as when the road line passes 
through villages or valuable fields, which should be avoided as far as 
is possible, but not to the extent of making ' the road into a series of 
serpentine curves. 

81. On the centre line of the land taken up is made an embank- 
ment of earth taken from borrow pits along the road boundary and from 
temporarily acquired land outside the road boundary. Not more than 12 
inches in depth of earth should be removed from the temporarily acquired 
land, which will thus come under cultivation again in a short time, and 
the borrow pits in this case may be 50 feet long in the direction of the 
road, 5 feet apart, and of a width depending on the quantity of earth 
required for the bank in excess of that which can be obtained from the 
permanent borrow pits, which may be 50 feet long, of an average width 
of 4 feet, 2 feet deep, and at distances apart of 5 feet, the strip of land 5 
feet wide between the adjacent borrow pits being intended to keep them 
from acting as a drain. In places it may be found convenient or,neces- 
sary to convert them into a drain, but, as a general rule, in the country 
it is better to leave the barrier between adjacent pits. Near towns and 
villages borrow pits which hold water and form breeding-places for 
mosquitoes should not be made. The dimensions given al>ove are intended 
only as a guide. Occasionally it may be advisable to make the borrow 
pits on the permanently acquired land wider or shallower than above- 
mentioned. 

82. The embankment should be 30 feet wide at formation level, 
with side slopes of 2 to 1, and it should ordinarily be 18 inches higher 
than flood level, including any afflux, and 12 inches to 18 inches higher 
than the level of the oountry where this is higher than flood level, but 
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the top of the bank should not follow slavishly the undulations of tho 
ground. As explained in dealing with the longitudinal section and with 
gradients, the formation lino should have easy gradients, and these it 
cannot always have if it runs parallel to the undulations of the country. 
Depressions must be filled and tops of hillocks and spurs removed in 
order to secure easy grades, so the cross-soction of the road will vary 
throughout its length, the bank being sometimes some feet above ground 
level and sometimes 18 inches or 12 inches above it, and occasionally 
there will be no bank at all as in cuttings, or where dips or Irish bridges 
are made, and sometimes a long length of road may be made w^ith 
scarcely any bank at all, if any, as in situations wIkto the spill waters of 
a large river are met with and there are not enough funds available for 
building sufficient bridges or culverts. 

83. On the formation is laid the metalling of kankar. or stone, or 
other material, the object being to provide as smooth, and as firm, and 
as water-tight a covering to the road as possible. Ordinarily the i^jeti^ 
lin^ will have a wddth of 12 feet, except in towns, but in the case of roads 
on which the traffic is light the width is sometimes 9 fec^t, and occasionally 
10 feet, and near towns, or in places when^ there' is heavy traffic, it 
may even be 30 feet. A width of 12 feet has l)e(‘n adopted as a standard 
for roads in the United Provinces on which there is a fair amount of 
mixed traffic. It is not a good width for heavy traffic, in view of the 
fact that a wddth of about IG feet is required to enable two carts to pass 
each other, withoulE>4eaving th<‘ metalh'd surface and tending to damage 
its edges, but it is enough for roads with avc'rage mixed traffic. 

84. Roads 9 feet wide have a reputation for “ tracking ” or forming 
“ ruts ” very easily ; this does no harm when' carts alone arc concerned, 
and the road is easily repaired at intervals by cutting out the ruts and 
refilling them, once in three or four or more years, but ruts interfere 
much with fast traffic and b(^come dangerous when they are deep, and a 
nuisance wlu'n loose road metal is spread on them in order to divert the 
traffic. A partial renu'dy is to widen the road, Imt this is not always 
effective, for in certain conditions of traffic, (e.^., when' the traffic is slow 
and all in one direction as from small villages to a central mart) it is not 
so much the narrowness of the road as the nature of tlu^ traffic that leads 
to tracking and a 12-foot road will track as readily as a 9-foot road. On 
the whole, howev<'V, the 12-foot road is to be preferred and it should not 
cost more in th(^ end than the 9-foot roud if it is properly looked after, 
aft^r being thoroughly well consolidat(‘d to start with, 

85. The thickness of the road metalling should not be less than two 
coats of 4^ inches each, which will consolidate to about 3 inches each when 
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rolled or rammed. The resulting thickness depends on the quality of 
the material used and the thoroughness of the consolidation. The two 
coats of 4^ inches will be sufficient for ordinary traffic if laid on well- 
made banks of good earth, but if the earth is easily compressed, or the 
soil is spongy, it will be necessary to put down in addition a soling, or 
foundation, course of tightly-packed bricks, or stone, or block kankar, 
or other material, and sometimes it may be n(^cessary to provide for the 
drainage of the bank or of the soil below. Two 3-inch coats (as laid, not 
as consolidated) are sometimes suggested for a now road without a 
foundation, but it is not advisable to adopt so thin a coating, for a third 
coat has to be added almost immediately as special renewal ” in order 
to prevent the complete destruction of the road, and the result is not as 
satisfactory as if the work had b(5en properly done at first. 

8fi. It is advisable at this point to review briefly the hi story of j ;oad 
construction and to trace the improvements that have been made since the 
close of the 18th century. 

87. The first roads of which there is any auth(mtic record are those 
in the Assyrian Empire constructed about 1000 B. (J. These roads radia- 
ted from Babylon, and it is said that th(^ remains of one can be seen 
between Baghdad and Ispahan. It was not, howrwer, till the time of the 
Roman Empire that roads wore built on a largo scale. 

88. RfijjiairT^ds, very straight and regardless of gradients, and 
made usually for military purposes, were not banked, but were built up 
after all loose soil had been removed and a solid substratum reached. On 
a foundation of large stones was placed a layer of brokem stone set in 
mortar, and about 9 inclKvs thick, over which was anotln'r layer 6 inches 
thick of mixed stones, broken brick anti potttny, set in mortar and topped 
by a pavement of large stones of which the joints were filled with mortar. 
Sometimes piles were driven in order to make the foundation stable and 
sometimes more layers of material than are mentioned above w(‘re used, so 
that the road was as much as 4 feet thick in places ; hut this was not usual. 

89. These roads were allowed to fall into disrepair during the middle 
ages and the condition of all roads in Europe in the 17th century was bad, 
being better, however, in France than in England, whore, in some places, 
the rough mat(‘>rials were laid in a narrow line not exceeding 7 feet or 8 
feet in width, and of great convexity, forcing carriages, for convenience 
or for safety, to keep to the middle and soon wearing into deep ruts. In 
France before 1764 the metalled roadway was generally 18 feet wide, 
with a depth of 18 inches at the centre and 12 inches at the sides, and it 
consisted of stones laid flat in two or more layers as a foundation. On 
this foundation a layer of small stones was laid and beaten down and the 
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•orfaoe of the road was formed with a finishing ooat of stone* broken 
smaller than those immediately beneath. 


r.^. le. 

Earty trunk road 

}*^ — — 6' crown to aurfaca flat aubgradc — 



As the roads were till 1764 maintained by statute labour and repaired 
only twice a year, it was necessary to make them about 18 incjies thick, 
as with less depth they would have been cut through and destroyed in a 
few months. 

90. The suppression of statute labour in 1764 led to a change in 
design, the depth being reduced to such dimensions as were enough for 
that roads I on the improved plan, and repaired under a system of constant 
maintenance, were made at less than one-half of the cost of the old roads 
and lasted for ten years. 

M. Tresaguet’s section was as follows 

Fig. 20. 

U, Tresaffuetb road 



91. The bottom line or, as it is styled in American practice, the 
sub-grade, was parallel to the surface at a depth of 10 inches below it, a 
foundation of stones was laid edgewise and beaten to a rough surface, and 
over this a layer of smaller stones was laid by hand and beaten and 
broken coarsely with a large hammer, the finishing layer over this being 
of roughly broken stones, the size of walnuts, spread with a shovel to a 
depth of 3 inches, none but stpnc of the hardest quality being used. The 
cross-slope was 6 inches in the width of 18 feet. 

92. Later on, about 1820, the ^acadam system attracted some atten- 
tion in France, and the good results of using sharp angular broken stone 
in consolidating the surface was recognised, leading gradually to the 
official adoption in 1830 of this svstein for the construction of roads. 

Fig, ei. 

Itoad an Haaadamo ntfoUm 

— ^rCrown to burfaco and^ to subgrada — • - ' ■ 
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93. Macadam passed his early days in America, but returned to 
Scotland when 27 years old, in 1783, and from 1798 till about 1815, when 
he was made surveyor of roads in Bristol, ho travelled about in England, 
as often as he had leisure, to make notes on road- work. He noted that 
the roads were extremely bad in all parts of Groat Britain and that very 
little improvement took place in them between 1798 and 1815, which he 
attributed to the ignorance of the persons who had charge of them and 
the total want of science used in their construction. He saw that the 
materials were so applied that the roads were all loose, and carriages, in- 
stead of passing over them, ploughed them, which was due to the bad selec- 
tion of the materials and the bad preparation and unskilful laying of them. 

94. In Bristol ho found opportunity for putting into practice the 
improvement in road-making which he had evolved and which he had 
previously experimented with successfully on a small scale. This was 
to put sharp angular broken stone on a road and let it unite by its own 
angles, under the influence of traflic, so as to form a hard solid surface. 
The stone was in cubical pieces about 1^ inches to 2 inches cube, or 6 
ounces in weight, broken from larg(^r pieces, and was spread so as to 
form a layer about 10 inches thick over the road surface after this had 
been shaped and drained where necessary. The road bed was made 
parallel to the road surface, no foundation was used, and the use of 
binding material was not allowed for filling up the interstices in the 
metal, which was left to work in and unite by its own angles by means 
of the traflic, the material being regularly raked during the process of 
consolidation. 

95. The cross-slope was just sufficient to cause the rain water to run 
easily off the surface into the side channels, that is about 1 in 36, for 
Macadam considered it a mistake to make the crown of the road very high, 
a proceeding which induced the traffic to follow the centre of the road as 
the sides were steep, and to wear it into holes from which the water 
could not escape.' He hold that the flattened surface which he adopted 
would drain better than the surface which had a greater crovrn. As 
remarked above, he adopted no foundation tor his roads, for he believed 
in an elastic road bed. Associated with the period in which Macadam 
demonstrated the success of his method of construction are the names of" 
others who helped to further the princii)les of goo4, road making as 
Edgworth, an Irish proprietor, and Foster of Bedfordshire. 

96. It was also early in the 19th oeutmy that Telford began the 
work that has made him famous. He did not, as Macadam did, believe 
io W eUftio road bed, but considered it necessary to separate oompletoljj^ 



36 


CHAPTER IV. 


the road metalling from the sub-soil by a lirm and regular bottom! ngor 
foundation. Unlike Tresaguet and Macadam ho did not make the road 
bed, or sub-grade, parallel to the road surface,* but made it horizontal," 
and over it, when those wore available, he placed a close firm handset 
-pavement of stones of varying sizes. In some cases they wore 7 inches 
in depth in the middle of the road, 5 inches at 9 feet from the centre, 
4 inches at 12 feet and .‘J inches at 15 feet. They were set on their 
broadest edges lengthwise across the road and the breadth of their upper 
edges was limite<l to 4 inches. When they wore in position, all the 
irregulariti(‘S of th('. n])per part were broken oft by means of hammers 
and all the int(‘rstices were* filled with stone chii)s firmly wedged or 
packed by hand, with a light hamiiKu*, so that when the whoh' pavement 
was finished there was a convexity of 4 inches in the width of 150 fe( t. 
When stoiK's were not available, graved, or chalkyror other local materials, 
were used to make a p('rf(‘c(ly firm and regidar bottoming to receive the 
top metal and to prevemt its coining into contact with clay. 

97. The middle 18 feed of pavement were coated with hard angular 
stones to a depth of 6 inches^ Of these, 4 inch(‘S were first put on and 
wprkod in by the traffic, care Ikdng taken to rake in the ruts until the 
surface became firm and consolidated, aft(*r which the remaining 2 inches 
were put on. These stones were broken in pi(‘ces as nearly cubical 
as possible, so that the larg(‘.st piece, in its largest dimension, passed 
through a ring of 2^ indies inside diameter and wedghed about 8 ounces. ^ 
The paved spaces on each side of the middle 18 feet wxre coated with 
broken stones, or w(dl-cleaned gi*avel, up to the footpath or other 
boundary of the road so as to make the whole convexity of the road 
6 inches from tho centre to the sides, and over all was put a layer 
inches thick of good gravel free frofh clay and earth. 

r,Q 22 . 

Tel fora road 



98. It was tho complete separation of tho road metalling from the 
Bnb'Soil by a firm and regular bottoming that Telford insisted on as 
necessary, for ho says, “particular attention should ho paid either to 
find a naturally dty bottom for tho roadway or to construct one, and 
avoid as much as possible sufEcring the workable materials coming into, 
pontact with the ola^i And this always be aooompliihed b^ meani 
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of gravel, sand, vegetable soil, chalk, or bottoming stones ; but the 
bottoming should bo made perfectly firm and regular, so as to receive 
the top workable mottil of equal thickness.” Thus, though he always 
advised a paved bottom when it could be. laid, many pieces of road ^^re 
made under Telford’s direction without the paved foundation with wl^cH 
his name has been associated. It is not unusual to find a road without 
a foundation spoken of as a Macadam road, and one with a foundation 
H})oken of as a Telford road, and, in one case, in which the central portion 
had a foundation and the sides had not^ the road was described as 
a Telfont road with Macadam wings. Outside road literature the term 
Macadam has come to m(*an broken stone and a macadamized road 
is generally understood to iKi one made of broken stone, waterboiind. 
It is only in road literature that the distinction between a Macadam 
road and a Telford road appears. 

99. Most engineers now favour the adoi)tion of a foundation on 
the ground that it reduces wear in the lower parts of the road, prevents 
clayey sub-soils from working uj)W|irds into the road crust, and keeps the 
broken stone from working down into the Sub-soil* Tliey do not, however, 
always make the road bed horizontal, but often curve it ty correspond to 
the curve of the road surface. Both forms ai*e used, and the foundation is 
sometimes made of cement concrete which may even be reinforced when 
the road has to carry very heavy traffic, as in London and other large cities. 

100. Metalled roads are hot now always made 10 inches to 12 inches 
thick (see paragraph 85), but it is not advisabhi, even on the*! best soil, to 
have a new road less than 6 inches thick wlnm consolidated. A road 
4 inches thick has been known to give excellent service even under heavy 
traffic at Bridgeport in America, but the conditions in this case were said 
to be very favourable. 

101. Attempts to adopt a formula. by^hich thg. thickness of the road 
metal can be calculated have not been successful. In the case of buildings 
it is possible to calculate, in a way, the pressure on the soil below the 
foundations and so to fix the width of the foundations. In such 
cases, the pressure is usually considered to spread at an apex angle of 60®; 
but this angle is sometimes taken as 90®, The Massachusetts Highway 
Commission in 1901 assumed the pressure of a wheel on a road to be 
uniformly distributed over an area equal to the square of twice the 
thickness of the layer of broken stone, so that if ^ = the thickness of the 
stone iu inches, w « the maximum weight in pounds per wheel, p =« 
supporting power of the soil in pounds per square inch— 
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102. The formula is not quoted here for adoption in designing 
roads. As Baker says in “ Roads and pavements ” : — “ It is not wise to 
attempt to find a mathematical relation between the load on the wheel 
and the resulting pressure on the earth, since neither the angle of the cone 
nor the distribution of pressure on the base of the cone arc known. It is 
reasonably certain, however, that the supporting power of crushed stone 
road varies as the square of the depth. This is an important relation to 
bear in mind when a road is to be strengthened.” 

103. The question of the s hape of the road profil e in cross-section 
is one that has led to some discussion. All agree that, for roads in level 
country, the crown should be raised more or less above the edges, which 
should be on one level, but they differ as to the amount ^^id form of 
the convexity. ^The amount will naturally vary with the materials used, 
and, at present, only metalled roads are being considered. Telford said 
that 30 feet should be allotted to the roadway, to be formed of one 
regular convexity, a segment of a flat ellipse with a fall of 6 inches from 
the centre to the side channels, ' but his specifications do not always follow 
this. Macadam said that he had generally made roads 3 inches higher in 
the centre than at the sides when they were 18 feet wide. He considered 
that a road should not have a high crown, because much convexity forced 
the traffic to the centre of the road and wore it into ruts. With a crown of 
3 inches in a smooth and well-made road 18 feet wide, or 1 in 36, the water, 
he said, would run off very easily and carriages would travel nearly upright. 

104. Other authorities recommend a segment of a circle, or a 
parabolic curve, or, again, two planes inclined at a slope of from 1 in 24 
to 1 in 36, and connected at the crown, for a length of 6 feet, by a 
segment of circle having a radius of 90 feet or more. Some give 
elaborate formuhe for calculating the crown in terms of the horizontal 
slope of the road, and others suggest various offsets from a horizontal line 
tangential to the crown which are intended to ease the steep slope of a convex 
carve near the edges of the road and prevent its being too flat at the crown. 

105. The following rule gives a good section for a road with side 
gutters. Divide half the width of the roadway into four parts and, 
starting from the centre, give a fall of *02 feet per foot to the first part, 
/03 feet per foot to the second part, *04 feet per foot to the third part, 
and *05 feet per foot to the fourth part near the edge of the road. See 
also paragraph 370* 

106. In the United Provinces, the authorised section is represented 
by two inclined planes sloping at 1 in 36 and meeting at the centre o£ the 
roadi la practice the apes is slightly rounded off during cenaolidatiom 



THE CH0^S-&£CTI0K OF A HETALLfiD ROAD IK THK SO 


107. The surface slopes of the various sections referred to are 
shown in the acconipanying table, assuming the curves to be made up of 
four planes 

Table V* 


Curvature of cross-aectione. 
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It will be seen that the ellipse is very flat at the crown and steep at 
the edges, the parabola and segment, which are practically identical, 
are also flat at the crown, the rule gives a very workable section, while 
the inclined planes have the merit of uniformity. They are, however, 
condemned by several authorities and St. Clair Wilkins writes in his 
“Treatise on Mountain Roads — 

“ If the sidesi, of a road are made flat they will not keep so. This 
method leaves no cushion for wear on the sides of the road. The segmental 
section of Mr. Telford is preferred. It is true that wdth the curved 
section the nearer a vehicle approaches the gutter the more it loans over, 
whereas with the flat-sided road the inclination is the same ; but with a 
slope of 1 in 30 the inclination is slight, and with a curved surface a 
greater breadth of road approaches the level than by the other plan, 
besides all coachmen keep as near the centre as they can when driving 
over country roads.” As a matter of fact the Telford road has a 
much greater slope than 1 in 30 near its edges, though the average slope 
is 1 in 30, a very different matter. 

108. In practice the two plane section has been found to answer 
very well in the United Provinces when it has been properly made by 
thoroughly ramming the edges of the road before the centre is rammed. 
Otherwise, the road has a tendency to get flat during consolidation. 
In effect, the road when finished may be said to consist of two planes 
slightly rounded at the crown, for there is never a marked central ridge 
on the finished road. The uniform and easy slope on each side prevents 

formation of furrows, or gullies, at frequent intervals such as stre 
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to be seen on convex roads on which the drainage runs rapidly down the 
steep marginal slopes, and this is specially the case where roads are made 
o£ kankar. 

109. It should be borne in mind that regularity of section and 
evenness of surface are of more consequence than slight differences 
between one curve and another, and care should be taken to see that these 
are attained when the road is made. This regularity of section and even- 
ness of surface are more easily secured when two inclined pianos are used 
than when convex surfaces are specified, and there is another reason 
why two inclined pianos are to be preferred to a convex curve in Indian 
roads. A convex curve drops rapidly near the outer edges of the road^ 
and, as in most Indian roads gutters are not used, except in towns and 
hill roads (the road consisting of the central metalled portion and 
two earthen shoulders or “patris”), the steep marginal slope of a 
convex profile, of the whole width of 30 feet, would let the rain water 
out up the outer edges of the earthen shoulders and reduce the effective 
formation width. In the case of a road that is metalled throughout its 
width a convex section can som(‘tim(‘s be used with advantage, for it 
gives a deeper gutter and so prevents the drainage' from spreading on to 
the road, but it cannot be used on a normal Indian road without damage 
to the earthen shoulders or “patris.’’ These should have the same slope, 
1 in 36, as the central metalled portion. 

110. The the earthen emba ^^me nt will usually be 2 

to 1, but this may be varied if the soil, or the height of the bank, or the 
locality, require it. It is not always necessary to turf the banks, or to 
sow grass oii them, or to pitch them with stones, or block kankar, or to 
make masonry or dry stone drains down them; but each of these pro- 
tective measures may become necessary on occasion. 

111. At intervals earthen platforms at road level, but projecting 
beyond the 30-foot bank, will bo required for the purpose of stacking 
maintenance metal. These may have a surface area of 45 feet by 10 feet 
and thus be capable of holding 200 cubic feet of repair metal if the 
sectional area of the stacks is made 5 square feet. The platfo rms are 
usually made opposite each mile and furlong stone, so 1,600 cubic feet 
qf rA p^ir meta l can be stacked on them in each mile. 

112. Bailkigs are not ordinarily required on roads in level country, 
but occasionally there is need for them and many varieties are used, 
£ram banks of earth, or sundried bricks, to railings made of reinforced 
concrete jwsts, or stone posts, with wire or gas pipe horizontals, or crossed 
wire. The use of wooden railings is not recommended, 
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113» Culverts and bridges are treated of in the College Manual on 
Bridges and are referred to in Chapter III., paragraph 71 above. 

114. Fijrlftng should bo built on platforms of earth projects 

ihg beyond the 30 feet bank. They will ordinarily bo of stone 5 or 6 
inches square and about 2' 6" long of which 1' 9" will be above ground 
level and 9 inches below ground level, the bottom 3 inches being set in 
concrete 1' 6" x 1*^ G” x 0" and the next 12 inches in brick-work in lime 
mortar 1' 3" x 1' 3" x 1' 0" of which 6 inches will bo below and 6 inches 
above ground level. There will thus be 1' 3" of stone above the 6 inch 
brick-work plinth, and on one face, of this stone will bo cut the number 
of the furlong in a figure 4^ inches high by 3 inches broad by ^ inch 
wide, so as to he visible from a distance. The details of the plinth, etc., 
can bo varied. Sometimes a truncated pyramid of kanhar is built 
round the plinth and whitewashed. The figure on the furlong stone should 
bo painted black. 

115. IVJih^stmics may be of various patterns and may bo of stone or 
cast-iron, those of ston(>! bcniig preferable. The latest pattern prescribed 
for use in the United Provinces is illustrated. Milo-stones should ordi- 
narily be placed fiv(^ feet from the edge of the road bank, but where the 

” are narrow, the stone may bo at 21 feet from the centre of the 
road. A border of one foot of earth should be left at the back and sides 
of the stone and the earthen platform sloped off at22 to 1. See figures 
24 and 25, 


ng. 23. 

furlong stone 



116. B oundar y pillars of stone are requii^ed at intervals along the 
road i^nd, at"all points, where there is a change in land widths. Snoh 
changes should be infrequent, but, whenever they occur, they should be 
irecqrded on a land plan signed by the Civil Officer, The itooes should 

6 
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be btiried deep into the ground, with about 9 inohes ehou^ng above 
ground, and their positions should be cheeked. from time to time. 

117. Trees are sometimes planted at the road boundary, where they 
are useless for shade for people on the road, and sometimes so near the 
edge of the road bank that they are hurtful to the road surface which 
seldom dries after rain. Their proper distance apart, across the road, 
depends naturally on the variety of tree planted < out. What is to 
be aimed at is to shade the road surface while allowing it to get air and 
sunshine; and it will be found that a suitable distance for ordinary 
avenues is 18 to 24 feet from the edge of the metalled surface. See also 
Chapter X. 

118. Whenever a cart track or unmetallcd road crosses the main 
road, but is situated at a lower level, a properly graded approach should 
be made on each side at a slope of 1 in 30 to 1 in 50, according to 
circumstances, with a width of 30 feet for a road and 15 feet for a cart 
track. For rai lway cr ossings, see paragraph 70. 

119. During road construction, and for inspection purposes sub* 
sequently, ahelter for officers and subordinates is required, and if the sites 
for inspection houses have been definitely settled, it is as well to build 
these of permanent materials at once. An inspection house which is 
placed where two officers will halt together during inspections should 
have a common room and two bedrooms about 18 feet by 16 feet with 
dressing and bathrooms. The rooms in Upper India should be arranged 
to catch the east and west winds and there should be a pantry and 
godown that will not interfere with this. In less frequented localities 
smaller bungalows may be built. The number of out-buildings will 
depend on whether there are to be inspection quarters for a subordinate 
and rooms for naukar coolies, who will generally be given naukar cooly 
huts of semi-permanent materials and convenient centres, but are some- 
times given shelter in the compound^ of an inspection house. A well 
should always be provided at inpsection bungalows, and wire gauze 
shutters to doors and windows should be given whenever [jossible. 












CHAPTER V* 


Survey, design and estimate of a metalled road in flat 

COUNTRY SUCH AS THE UNITED PROVINCES. 

120. The road uiight bo a new road or an improvement of an 
existing nnmetalled road. ^ 

121a In the absence ot' ^***^*'^^ or of special instructions, the 

engineer should decide to make the road of the section here shown and 


Itmporarj^ 

land 


Fig- 26. 

Type croi<i section of metoittd foad 

— lOO' — - - 

^ ^O'or less — • 

I 30.'--.-* leiU- 


tond 


^for Topaft 
metal 


... 

« Bans wits snie slopes 94olana 
cross slopes of lis 3$ from tenm^ 


should make : — 

(1) The land width, ... ... 100 feet 

(2) The formation width, 30 „ 

(3) The metalled width, ... 12 ,, 

(4) The side slopes, ... ... 2 to 1 

(5) The ruling gradient, ... 1 in 40 

(6) The minimum curve, ... 200 feet 

(7) The cross-slope, ... ... 1 in 36 

122. He should, if he can do so, get a subordinate who has an eye 
for country and with him he should make a preli minary reconnais sance of 
the ground to be traversed. The oftencr he can go over it the better. 
Perhaps his other duties will prevent more than one or two visits. Ho 
should do his best. During his reconnaissance he should make as full 
notes as possible of every matter that may have a useful bearing on 
the project. If a good map is available, he should mark on it points 
through which the road must pass as, for example, a part of a river 
suitable for a bridge, or what the road should, if possible, avoid, such as 
valuable groves of fruit-bearing trees, and he should select one or more 
trial lines from which the final route will be closen. His subordinate 
should make a survey embracing the selected trial lines and should record 
in his field-book and note-book full details of existing roads, railways, 
canals, irrigation channels, their levels, their widths. He should locate 
all prominent {)oints by compass bearings wl^ere they are too fat to b| 
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measured by offsets. He should find out where quarries for road metal 
exist and should note all about the roads, or tracks to thes(i. If there 
are no existing quarries, he should make enquiry as to the jiosition of, and 
means of access to, new quarries. He should note tlu' levels and positions 
of all adjacent masonry wells, for use as bench-marks, noting the water 
level In them, and also the levels and positions of any other masonry 
buildings suitable for use as bench-marks, and he should prepare a list of . 
all these bcjtich marks. Ho should ascertain the low wat(‘,r level and the 
high flood level of all stnvams, or flooded land, th(^ drainage area of 
streams, the slope of their beds, the nature of tin* soil. As regards large 
bridges, he should follow the instructions given in the Manual on Bridgets, 
taking a longitudinal section of the river ))ed and cross-sections at the 
bridge site, and at distances of a mile above and Ixdow it, noting that he 
should try to place the bridge at right angb's to th(‘ direction of the river 
when in flood, even if the road has to come on to the bridges by a double 
curve, which ?nay, in fact, prove satisfactory from an ?esthetic point of 
view. In fixing the alignment of the road, he should tak(‘ care not to 
introduce sharp curves into any part of it. The alignment should be 
marked at intervals by masonry pillars. 

123. Where the final direction of the road can be fixed u]»on in the 
field, or from existing maps, tin*, tjrayersc liiu^ of th(‘ survey may follow 
the centre of the road and levels along the centre line can be recorded as 
the work proceeds ; but when this is not possible*, the cemtre* line of the 
road must subsequently be j)lotted from the traverse lim*- and the levels 
connected with it, and the final levels must be talven along the line thus 
obtained, unless they can bo interpolated from the h'vels already obtained. 
These levels arc often recordeed at int'rvals of 1 00 feet, but w^hore the 
ground has tolerably uniform slopes, and if the plan is to be plotted to a 
scale of eight inches to a mile, levtds may be taken at every half furlong. 
Using a chain of 66 feet, with intermediate readings where the nature 
of the ground requires. Levels for cross-sections should also be obtained, 
the number of readings recorded on each side of the centre line depending 
on the nature of the country and on the question of possible deviations 
of the centre line. Where the country is regular and with a gentle cross- 
slope, and where deviations are not likely to be. required, it will be 
sufficient, for all practical purposes, to place n levelling staff at 50 feet 
on each side of the centre line and to observe the level of the groundi 
Irregularities of the ground will necessitate more readings, the object 
Hing to secure information that will enable the subordinate to lay before 
the eugiouer such full information as will enable bim| in turn, to decide 
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on tho fornijitiou lov(^ls ol' tlie road and to altc^r iho. ali^nnieiit whore 
necessary. 

124. When an old iinnicdalh'd roa<l is l)c*in^ improved l)y altering tho 
alignment, easing t;nrv(\s, and raising tin* i*oad surface, levels of tin', 
centre line (ff the old road and its edges an*, very ncet'ssary, in .addition 
to levels of tln^ ground, for it oft(‘n ha})p<‘ns tliat tin* surface of tln^ old 
road is much lower than tin'. ](‘V(‘l of the couni ry ; hui tlnise necnl be taken 
only where' the. old and tin' new ;dig]nneiits follow [)raciically tin', same 
liin*. Sometimes tin', new alignnnuit will h'avi' the old liin' completely, 
and wdien it does so, the levels of the old road arc*, not necc'ssary. 

125. For tin* >urv(‘y the Mibordinate \\ill follow tha instructions 
given in the Manual on Survc'ving. ll<^ will j)robably need a chain, 10- 
foot rod and ta[)e, a h'v'el and staves, a prismatic compass, or a plane- 
table, or th(‘odolit(‘, and, if lie can get one', In* will find a tacln^onn'ter 
may be*, iisc'd with advantage. Sometimes work can be helped in tin* field 
and in the office' by the use of tracings made' from tin* village* field maps 
{pai'icari\s majis) which arc' puldishc'd liy tin* Board of Bevenue and 
can be olitained on lojui from ( ■ollc'ctors of districts, or purchased. Thc'so 
majis show.evc'ry fi(ild and its numbc'r and are most usc'fiil. Drainage 
lin(3s can be marked on th<un by gc'tting villagers to show at wliich ])oint 
of their field bounclaric's ihc'y lc*t the water out into the next lower field. 
Levels for contours can lic^ takc'ii cjuickly by noting in which field and in 
what {)art of it the staff has bc'en lield and marking the ])oint and its 
level on the* ma]). Watersheds of catclimc'nt nrc'as can be ascertained in 
this way. These maps arc* also of grc*at use*, in prc*]>aring the. land plans 
which are requircMl to assist thc3 Bevc'iiuc'. dc'partmc'ut in assessing the 
land comjiensation payable* for land recjuired permanently or temporarily 
for the road. 

126. For surveys of small areas section paper, known somstimes as 
graph paper, can bo used when worked in connection with a chain, 10* 
foot rod, tape, flags and any instrimu'nt, howc'ver simple', that will give 
horizontal readings of 90 degree's. No drawing instruments an* \ranted, 
because all the lines needc'.d can be* drawn frc'e-hand over tlie ruled lines 
which serve, loo, as a sealer for tlie main lines and thc'ir offsets. The 
south point can bo ascertained by a r<*ading on a watch or by noting 
the direction of the sun at noon ; and in this way the north i»oint can be 
found tolerably correctly* If the hour hand on a watch is pointed 
towards the sun, a lino bisecting the angle between the hour hand and 
XIL will point to the soutiu 



46 


CHAPTER V. 


127. Tlio scale to which the road plan should he preparc<l will 
ordinarily, he that of the longitudinal section for which a convenient 
horizontal scale is eight indies to the mile, hut if the village field maps 
(scale 16 inches = 1 mile) are use«l in pr<»paring the survey, they should 
be used in preparing the road plan. Full information as to levels, 
bench-marks, etc., that has been collected during the survey, and is of use, 
should be given on the plan as well as on the longitudinal section. The 
north point should apjiear on all plans. Quarries should be indicated 
by arrow h(\'ids pointing fo them, ami their dJstanc(‘ should 1 m 5 recorded. 
The road mileage should be very cdearly shown and also any other items 
mentioned below which will not crowd up the plan too much. 

128. The longitudinal section is plotted to two scales, the vertical 
scale Ixdng an (exaggerated scale intend(‘d to show small diff(ercnces of 
level more ch^arly than would be the cas<‘ if the longitudinal scale were 
used for this also. The longitudinal or horizontal scale may be eight 
inches to the mile. Tlu^ vertical scale may be twenty feet to one inch. 
Neither of these is an absolute scale. They may be varied in different pro- 
jects. There is, however, an advantage to an engineer in keeping the same 
proportion bctw(^en th(‘ horizontal and vertical scales, for, if this is done, 
the eye gets accustomed to tlu^ exaggerated gradients which, moreover, 
can he drawm by means of specially cut s(d-squares or l)y ordinary set- 
squares on which the exaggerated gradients are marked. On the longi- 
tudinal section should be shown the reduced lcv(ds of the country along 
the centre of the road and on each side of it, the levels of the existing 
road when th<u’(' is one, names of villages whose land the road passes 
through, hearings of straight lengths of the new road, the radius, to the 
centre of the road, of all curves, th(‘ points at which the curves begin 
and end, all bench-marks, road, rail, canal and other crossings, flood 
levels, the nature^, of the soil, distances and bearings to quarries, and, in 
tact, anything that will prove useful to the man who makes the estimate 
iuid the man who arranges the contract and carries out the work. A blank 
form used for drawing longitudinal sections is given opposite this page. 
See also paragraph 132. 

129. The for mation line should now he plotted on the section, the 
paragraphs on gradients and on the cross-section, and the introductory 
general priciples being followed in order to provide longitudinal slopes 
that will not be too flat or too steep, or bidow flood level, or unnecessarily 
above it. In doing this the exercise of common sense and judgment are 
required. When the gradients have been decided on they should be marked 
on ibt wotioni as should also the formation levels, the heights of the 
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bank, the depths of cuttings. Care must, of course, be taken to see that 
railways and canals are crossed at suitable levels, and at angles of not 
less than 45 degrees. 

130. When the longitudinal section is ready, the earthwork estimate. 
can be prepared from it. If the stations have been plotted at intervals 
of 100 feet, the mileage will not fit in nicely with the sections, and it will 
be advisable to consider the estimate in stations of, say, .500 feet, or 
1,000 feet, after calculating the quantities for each chain of 100 feet. 
If the stations are plotted at 6fi feet intervals, or multiples of 66 feet, 
the estimate can be prepared by furlongs and miles. The quickest 
method of estimating quantities of earthwork is to use the form here 
shown;— 


station. 

Height 

or 

depth. 

Feet. 

Mean 

height 

or 

depth. 

H. 

H*. 

B X H 

B = .30. 

SH*. 

S = 2. 

IB + SH* 
S. F. 

1 

L. feet. 

1 

Content 

C. F. 

5 

2*0 


... 

... 

... 

... 

... 

••• 

6 

1*6 

1*8 

3*2 

54-0 

6*4 

60*4 

100 

6,040 

7 

1*8 

V7 

2*9 

61*0 

5*8 

56-8 

100 

5,6^0 

S 

2*2 

2-0 

4*0 


8*0 

fiS-O 

100 

6,800 


which may be modified to suit special cases. When an old road is being 
improved, it will be necessary to deduct, from the figures so calculated, 
the contents of the existing bank or to add something to allow for filling 
which is necessary when the old road has worn down below the level of 
the country. 

131. Separate schedules should be made out for land compensation, 
for earthwork in bank or in cutting, for road metal collection* and con- 
solidation, for mile stones and furlong stones and boundary pillars, for 
culverts and bridges for inspection houses, naukar cooly huts, parapets;^ 
drains, gutters, etc., and for anything else that may be required on any 
particular road. Requirements will naturally vary with circumstances. 
When all that is needed has been calculated in detail, the figures 
of cost for each furlong or 500 feet or 100 feet may be brought together 
in a methodical manner. They should include all small works, such as 
culverts, but need not include big works, such as bridges, the cost of 
which can be separately shown. By grouping his estimated figures 
systematically, the engineer can watch the progress and the expenditure 
better thaq he could otherwise do. He should, in addition to this 
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difltribution o£ cost, proparo an abstract showing tlio total quantities of 
each kind of work, the rates to be paid for them, and their cost. 

132. In the chapter on hill roads a sample form is given showing how 
the work to be done in each chain can be brought together. ^ A simpler 
form can be used in preparing an estimate for a road in the plains. Hoad 
plans and sections should be on sheets about 3.3 inches long by 13 inches 
deep, folded alternately to left and right in 8-inch widths, with a one inch 
margin at the extreme left for hiiuling or taping; and if the depth 
has to be more than 13 inches, the extra depth should unfold away from 
the reader, and not towards him, one ineli being cnit ofF its length along 
the left-hand margin to admit of easy folding and unfolding. 

133. If permanent nillars have be(Mi put down when the traverse 
line was being run, the enginec'r who has to liuc..Ja!nt the road for eon- 
struction will havt^ but litth' difficulty in picking u]) points on tlie line, 
but these cannot always be arrangc^d for, and it may be found necessary 
to make out the centre line of the road, and th(' road boundaries, from 
bench-marks on wells or buildings and their bearings and distances from 
the plotted centre line or, again, from th(^ fi(‘lds sliown on the village 
field maps. 

134. The alignment should be done with a theodolite, and curves 
should be carefully marked out by one of the methods given in the 
Manual on Surveying, pegs being drivcui into tlu^ ground at each station 
shown on the longitudinal s(‘ction with masonry pillars at distances apart 
of 500 or 1,000 f(‘et as circumstances may indicate'. The should then 
be levelled ov(’!r and the resulting levels com])ared with those on the 
sanctioned drawing, tor if then' are by chnn(‘,e any i'vrors, it is w(dl to 
discover them l^efon* construction is begun. 

135. The laud required permanently and that required for temporary 

occupation having been marked but and taken over from the revenue 
officer and the alignm<mt and levcds having been checked, the work of 
c opstr uction of the bank can Ix' started. Methods of constructing hanks 
are described in the Manual on Earthwork. it is sufficient to say 

that no earthen bank should b<^ made without its sectional outline being 
marked out at inb'rvals by moans of profiles which can bo made of 
bamboo and string, or of earth, and every hank should be made in 6-inch 
layers slightly higher towards the edges than at the centre, all clods 
being broken before the earth is thrown on the Bank, 

136. When the bank is ready, it is usually allowed to stand through 
a rainy season before the road metalling is placed on it as described 
pnder kankar consolidation and stone consolidation, 
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Hill roads. 

137. Before deeiJint*; on the iilimnnent of a road in the hills the 
engineer should get a good map and study it carefully, and see if he can 
mark on it the general alignment ho would select, assuming that tli(‘Te is 
nothing in the gcologicjal features to prevent the adoption of this line. He 
should then go over the ground to see whether the line could he followed, 
and in his reconnaissance he should be accompained by a siil>ordinate whose 
usefulness will bci great if he has a good eye for country and has pre- 
viously been employcul on work in the hills. Together they should study 
the locality, (jxamino the sngg(?sted alignment, see if it hauls them into 
ditficult situations, try alternative^ alignments if it does, and lix on 
obligatory^^ioints which the road must ))ass througli. 

138. No ina|) can make up for personal knowledge and tin; more 
thorouglily the recoimaiissance is made, the better will be th(^ final survey 
and alignment. Sometimes the first reconnaissance has to be made in new 
country and an aneroid baroiiKder is needed in order to ascertain the 
relative heights of the hills that the road must cross. 

139. Geological features vshould be carefully noted, existing and old 
established lines sliould not Ix'. hastily abandoiKHl, th(^ question of water- 
sup[)ly should Ije examiinxl, and if tho aligniiumt chos(m appears [)Ossib]e, 
the subordinate should ])roceed to mark it out on the ground. 

140. In marking out a lino two methods can be followed. One is 
tho verticaijiiystem in which the point marked li(;s in the same vertical 
plane as the centre of the road, the other the h f n- \ /. oji tn 1 ys; in m in which 
the point marked lies in the same horizontal plane as tiu' edge of the road 
surface. The former is the method followed in marking out a road in 
easy country, the latter is the best method for marking out a road in a 
hilly country with steep slopes. Occasionally, as when the mountain 
road is to cut through a spur, the vertical system is most suitable. The 
horizontal system requires that pegs should be driven into the ground at 
points which, when connected up, give a trace of the road along the 
side of the mountain, and if a path is madcj along this trace, a person 
who walks along this path is following a narrow strip of the road (subject 
to small alterations) and ascending, or descending, at practically the 
same gra‘le as the road. ,A line cut to connect pegs driven in on the 
vertical system will follow the direction and curves of the road, but will 
bq at varying heights above or below its surface. For the verti^ 
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system a theodolite or compass is required and for the horizontal system 
a clinometer, or Abney’s level, or ghat tracer. 

141. The CJollcge Manual on Surveying describes surveying instru- 
ments and the methods of using them, and should be referred to for 
information; but a brief description may be given iK'.re of a simpb'. roa(L 
trSfifiK- which can be mad(^ up by a car[)(‘nlc‘r and is mention(‘,d in the 
College Manual on Roads, 7th Edition. A stout staff with a point to 
enable it to be driven firmly into the ground has a (jiiadrant of card, or 
board, swinging in a vertical plane, attached to it. Tin* quadrant is 
graduated round the arc and has a plumb bob dejumding from its centre. 
If the quadrant is turned and fixed by means of a nut provid(‘<l for this 
purpose so that the selected slope coincides with the plumb bob, the 
upper radius, which can have two sights lixed on it, will read the desired 
slope and a rod marked at the same, heighf as tlu^ c('ntr(i of the quadrant 
can be held at any suitabh* disianc(', being moved up or down the*, hill- 
side by an assistant, while the surveyor, fixing tlu^ foot of the staff f^n thi* 
trace, looks through th<^ si ghbi lind rca<ls on to th(» mark on the rod. The 
foot of the rod will then be a point on the trai^.o. This instrummit, or any 
clinometer, would be used for a rough t race only, the final gradients 
Jjeing marked out with a level. 

142. With the cl momt^te r. staves and chain the snrv(‘yor would 
begin work from an obligatory point on th(* top of a hill, e.^., a pass 
through which the road must go, and would work down the sjmr which 
had been selected after the first recoiiiiaissHncc, jiuttiiig in p('gs at 100 
feet apart, or 66 feet apart, or at smaller intervals if the nature of the 
ground required it, and connecting them up by a “ daghhel^"' i.e,, a furrow 
in the ground. The reason for «t{irting.Ayork^at the toj) of a hill is that 
the ground gets easier as the lower slopes are reaehed and diversions 
and deviations can be made to enable the road to n^acb any point in the 
valley, while those could not be made with eas(' if tlu? surveyor worked 
upwards towards the pass. The chances in working up an? that the 
road would be cither too high or too low for the pass. In the former 
case the grade could be eased, which would incr(?ase the length to some 
extent, but in the latter case it would bo necessary to make a zig-zag. 
Now zig-zags are to be avoided in places wliero tin? slopes arc stoop, for 
a steep slope affords but little room to turn in. It is better to put 
them in as curves in easier ground lower down .the hill. 

143. It is not always necessary to look for a pass as on obligatory 
poinl^CiMt very often a hill can be “ turned ” and the road may be able 

Ip round it) without being any longer than the road, that would go 
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over it, thus saving rise and fall, and even ii! it is somewhat longeri 
the alignment round the hill may bo hotter than the other, assuming 
always that both roads are tuiually suitable in other respects^ Which 
has tho best shade ? Which passes nearest a village that must be near 
the road ? Which has the best water-supply ? Which is the easier to 
construct ? Which is the easier to maintain ? These arc questions for 
consideration. Others will be suggested by tho circumstances of each 
case, but they will not affect the main fact that tho survey should start 
from the highest point chosen and work downwards. 

144. The surv(^yor should, .as he proceeds, collect information as to 
the soil and the slope of the hillside at (‘ach station, and on the correct- 
ness of the information he gathers will depend the correctness of the 
estimate subsecpiently made. He should judge how much of the road 
width will be cut out of the hillside and how much will bo in bank, for 
it is not necessary to cut the full width except in a few places. He 
should note whor(' ivdaining walls are needed and where the soil needs 
breast walls. 

145. The following method, introduced by Captain H. S. Rogers, 

a.E., and described in IJoad Construction and Maintenance by 
Major E. M. Paul, r.e., affords a method of recording tho 

quantity of cutting for^jiarrow roads on steej) ground and does away 
with the necessity for cross-sections. It was found especially valuable 
in arriving at the comparativi* cost of alternative alignmonteb — 

‘‘ Assuhiing that the outer cutting edge is run with the clinometer 
and marked out, chaining is commenced at the top, tho computing party 
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The template is used for setting off the estimated back slope on which 
the area of the cutting largely depends. Tt consists of a stout vertical 
batten inches by 2 iuclu^s) graduated in feet, and provided at the 
foot with a hinged or kiiuckh^ joint, into which is fitted a long light 
bamboo. To this bamboo arm a wire is attaclu^d, which passes over a 
pulley in the batten and ends in a ring tor hooking over screws or cleats, 
placed so as to enable tlie arm to be set at slopes, with the batten placed 
vertically, of 1 to 1, IJ to 1 to, say, 4 to 1. To use it the template is set 
up by one man on tin* s})ot fixcul by the back chaininan. A second with 
a long straight bamboo mark(‘d at 4 feet, G feet, S f(‘(5t from one end, 
th(i widths for the cuttings) and standing on the slope above the 
template, places one hand at the mark given (in the cases referred to 
usually 8 feet full cutting for a mule road); he then holds th(' bamboo 
high and horizontal, with his hand against the moveable arm, lowering 
th('. rod — maintained horizontal — until th(^ end touches th(^ ground slope. 
The li(‘ight is then r(‘ad from the vertical rod and recorded, together 
with th<' area of cutting and the (juantity und('r the soil column. It 
then nunains . onl}' to total and prices the* work at the (uid of the day. 
The field-book is ruhnl thus : — 


Chain 100 

fl'Ct. 

Back 

sloi)C. 

AVidlh 

Keot. 

lUiifrht 

Feet. 

Sup. 

feet area. 

1 Soil in cul)ic feet. 

Hard. 

1 

Medium. 

Soft. 

llrought forward, i 



10,270 

18,080 

26,400 

19 

:i/i 

8 

6 

24 

... 

2,400 

... 

20 

2i/l 

8 

4 

10 



i.COO 

21 

:j/i 

8 

8 


i,fi00 

i,600 

• . • 

22 

2/1 

r> 

r> 

15 

, , , 

... , 

1,600 





1 And so on. 



Carried over 

1 ! 








In the remarks column <*n tries can be made where streams are crossed, 
other details entered and any special points regarding the soil and 
excavation nobul. Sufficiemt accuracy can usually bo attained by 
dividing the work into hard^ i.e., soil requiring blasting; medium^ 2 .^., 
requiring blasting and j umpe r work; and soft or p^ and jumper work. 

146. For wide roads the method described above cannot be used, and 
in estimating for thes(», it is advisable to measure the front or natural 
slope in degree's, and to state the back slope in degrees, and to plot a 
cross-section at each station on which can be shown such retaining and 
breast walls as may bo required, and from wdiich the final estimate can 
be prepared. 

A table can be made giving the a reas of the cuttin gs with various 
I natural and back slopes for various widths of cutting, and with the 
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aid of this table the estimate of the excavation can be taken out very 

quickly. Such a table irt given in Appendix I. 

Table can also be prepared of the areas of retaining walls and breast 
walls. Specimen tables ani given in Appendix I. These tables were 
prepared for use in the Second Circle of Superintendence, Buildings and 
Roads, Lucknow, by Mr. H. J. Oliphant, Excicutive Engineer, Naini Tnl 
division, to whom the wTiter is indebted for them. 

147. The tables for retaining walls, which are walls built at the 
outer edge of a road, are for the section here shown. 


Fig. 26. 

fietaming wall 

- 2 - < 



Those tor breast walls, which are walls built to support the hillside 
above a road, are for th(^ section here shown. 

Fig. 26. 

Breast wall 
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148. It will be noticed that each section starts with n top width o| 
2 feet. The retaining wall has a vertical back and a front batter of 1 
in 3. The breast wall has a front batter of 1 in 2 and a back batter of 
1 in 3. The back should bo loft rough, some stones projecting further 
than others, and the “ backing ’’ of each wall, that is, the filling in 
between the wall and the hillside, should be of loose stone. The base line 
should be at right anghvs to the front which should be rough dressed and 
pointod^and there should be plenty of we^^iiioles in the walls. Small 
stones wdll not make a good wall. The largest stones that can be handled 
should bo us(h1 and thor<‘ should bo as many through stones as possible. 
Walls G feet high may bo of dry stone masonry. Walls of greater height 
should have the top six feet of dry stone masonry and the r('st of masonry 
in lime mortar. Other S(‘ctions of walls can be used if they are preferred 
and sometimes the whole wall may he built in lime mortar. 

149. Some engineers like to make a hill road with its surface on an 
inward slo])o, that is, with the outer odge on a higlu^r level than the inner 
edge, and this is the form recomimuided in the College Manual on Roads, 
7th Edition, which in i)aragraph 19 says ; — 

“ In a road round a hill the cross-scction should be a single slope 
inclining h wards, with a ditch on the inside ; this is to pivwont the 
road being washed away at its edge (wliich often has to he laiilt up), 
and to avoid the danger, especially in turning a corner, of th(‘ passenger 
falling over the ])recipice. The drainage water, flowing from the hill 
above, is also intercepted by the ditch on the inside, wliich has cross- 
drains at intervals leading under the roadway to the face of the cliff. 
A catch water drain should also be (jonstructod on th(‘ hill slope consider- 
ably ab()V(^ the road, to intercept the drainage and lead it to ravines 
and watercourses.” And in paragraph G6 it says : “ The shape generally 
given to the metalled road surface in cutting along a mountain side is a 
slo])e of 1 in IS from the outside to the inside. It has been objected to 
this slope, that it converts the road into a drain, which is cut away and 
becomes impassable in heavy downpours, and in some of the Madras hill 
roads the slope runs from the inside to the outside. Both systems have 
their respective advantages, but on the whole, the inside slope is 
preferahh^ when the cross-drains are sufficiently large and numerous, 
and the side drains rocky or properly protected by boulder paving. 
The usual practice is to adopt the outside slope until the drains 
are all built, and the side Mopes have taken their bearings when, 
as a permanent arrangement, the road is finished and metalled with 
an inside slope. When, however, a road is carried through forests, the 
ordinary barrelled surface of roads in the plains may be adopted with 
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small cuts from the outer drain at every 30 or 40 f('ct, as the thick 
vegetation sofrens the rainfall and prevents the hillsid(‘ lM3iiig carried 
away by the drainage ; but on hillsides which are ban' such a section 
would be unsuitable and a slope inwards should l)e given, more or less 
l)roiiounced according to the steepness of tlie siil(3 slojie of tlui hill and 
to th(3 nature of th(3 soil. TIh 3 rule adopted on the iiamnagar and 
llanikhet cart-road from the plains was to make tlici road surface carved^ 
where th (3 height of the outer retfiining wall (if th(T(3 is one) do(\s not 
exceed 5 or 6 f('ct, and in all oth(*r places tin* entires surface to slop<3 
inwards with an inclination somewhat greater than the longitudinal 
slope of the road.” 

150. These views w(‘rc not shared liy ( ■olonel h\ 1). M. Hrowii, v.c., 
Principal of the t;ollege, who, in tlic! Colh'ge Manual on Eartliwork, bth 
Edition, writes in paragraph 104 : — 

“ From th(* long expcricuice I have had in tlu^ maintenance of hill 
cart-roads T considi^r tin* best s('ction for a hill cart-road to Ix' oiui that 
has the entire s]o})e nutwiirds. with no inside drain. This s(^clion is 
always adopted on bridle roads in the hills, the cost of maint(3nancc of 
which is trifling, whilst for a cart-road the inside slope or a liogbacktHl 
section is always n^com mended. A hill cart-road is only about 10 feet 
wider than a bridle road, and the extra rainfall to be dischargcnl for this 
small portion, })rovided it has an immediate^ outlet, will be found on 
calculation to be quite insignificant. I-<ong (‘xi)crience on hill bridle 
roads and a few years exj)erimcnting on the Naini Tal tonga road, 
where the rainfall is excessive and the soil very f)ail, have proved to mo 
that^a hill road with an entirely outward slope and no inside drain is 
more easily and more (economically maintained than with any other 
section. A side drain may he nec(‘ssary in [)laces to lead away a spring 
from a soft part of the road, etc., but these are the only exceptions, which 
pertain to the gcmeral engineering of the road. A slope entirely out- 
wards or with a hogbacked section is especially unsuitable where the sides 
are liable to slip. The smallest slip of a few buckets full of earth or 
even the collection of a few leaves which allow the silt to accumulate will 
choke the inside drain, when the accumulated water will course down the 
road, causing much injury to the surface, and discharge itself over the 
edge in a strong stream, often at a weak place, which may cut away the 
bank or destroy a retaining wall, iSimilar damage may be done wlu*n a 
scupper gets choked. The inside drain is also contrary to one of the 
first principles of hill engineering, which is that wat<^r should not be 
allowed to accumulate, except of course in the main streams* As a 
matter of fact maintenance gangs invariably seek shelter during a heavy 
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fall of rain, and it is during the actual falling of the rain that the chief 
damage is done to a road. Ten minutes aftc^r the rain has stopped the 
sid(^ drains are practically dry. The best arrangements therefore that 
keep the rocad properly drained during heavy rainfall should be adopted. 
The outside slope has not in practice been found inconvenient for fast 
traffic. The tongas travel downhill on the Naini Tal road at 10 and 11 
miles an hour, without more inconvenience on the miles with the outward 
slope than on the miles wdth the hogbacked section. Any daiig(ir that 
may be anticipated from the centrifugal force at salient anghjs could not 
affect a vehicle until it was on th(^ outside, half of the road ; and then it 
would be immaterial wheth<T the other (innen- half) had a slope upwards 
or downw^ards. No faster traffic than a tonga is over likely to travel on 
a hill road. The drivers have invariably told inc* that they prefer the 
outward slope, as they have: only to look out for danger on one side, 
whereas on the old section they had also to take car(‘ to avoid the insid(? 
drain. An outside slope of 1 in 20 has been found in practice to be the 
most suitable, but with a small rainfall or a slight gradient it may bo a 
little less. When a road is made with an outside slope tluj following 
precautions have to be borne in mind for its ))roi)or maintenance 

(1) The outlet at A low enough to discharge the road drainage freely. 
This is often blocked by — 

(а) The road wearing dowm in the centre. 

(б) When slips are cleared away, a lot of the spoil is left at the 

outlet and thus a bank is formed at A (as shown in dotted 
lines) which obstructs the free flow of the road drainage. 



(2) The earth from slijis should bo ch'ared clean away to the full 
Width of the road, and not left banked up against the side by a 
lazy gang, as the width of the road is thereby reduced. When these 

precautions are not observed the road may assume the scctiQ4 
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shown by dotted lines, when the cciitri* of the road would become 
a water course and be thereby destroyed. Tlu' outlet A mentioned 
above refer to the 3 feet intervals h^fi in the parapet walls to pass the 
surface drainage, the parapet walls being built in lengths of 10 feet 
with 3 feet intervals. By this arrang<‘inent 3/13ths of the parapet 
walling is saved, whilst they are equall}^ efficacious as an outside fence. 
Or the parapets may be built in 7 feet lengtlis wilh 2 feet openings. 
Another advantage of the outsider slope is that the road is widened by 
the 2 fe(?t required for the, inside drains, or the width of the cutting 
may bo reduced 2 feet in first construction. As this is the inside 2 fe(*t 
where the heaviest digging is required, the saving in first construction 
would be great. Scnpp(^rs at every three or four hundred feet also 
become unnoeessary, as also their expensive mainbrnance, Should the soil 
be strong and the rainfall moderate there is no objection, except so far as 
the great inerc^ase of cost is concerned, to making the road with a hogged 
back and with an insich* drain and scuppers, if this section is prt'ferred; 
but with an excossiv(^ rainfall or in bad soil liable to slip or be washed 
away there is no (jucstion but that, from an engineering point of view, 
the outside slo[>e should be adojded; and I am very sure if the engineer 
has to maintain any hill road after h(‘, lias made it, he will be for ever 
thankful if he gives it an outside slope.” 

151. (J(‘neral St. ( dair Wilkins, it.E., in his “Treatise on Mountain 
Koads,” hardly touches th(» question of an outward slope, Imt discusses at 
length th(*. relative merits of an inward sIojm* and a convex section, which 
is the hogged l)ack section written of by (^olonel Brown. In this 
discussion he quotes the opinions of s(*venil officers. Thus Major 
Hose, Engineer of tljc^ J{avval[)indi and Mnrn‘e Hoad, writes in May 
1805 in the Hoorkee Prof(>ssi onal Pap ers : — 

“Inmost [daces the cross-section is no w^ higher in the centre than 
at the; sides ; wh(‘n it was first made, and the widtli was only 12 feet, it 
sloped inwards. From the ex}»erieiice of last season, when the rains wctc 
heavy and whcjoled traffic coiiskh'rahlc, it is e^ i(h*nt that the rise in the 
centre is much Ijctter than having the highest jioint outside, even with a 
slope of 1 in 15 wdiich it would have hc<m difficult to give. In many 
[daces it wa!s found impossilde to kce[) the surface (d* the road in tolcrahlc 
order, but where tin*, road had been made wdtii the rise in the centre and 
the earth had settled it remained, conqairatividy sj)oaking, dry and firm.” 
And ill 1850 Major Kennedy wTitiiig on the subject of the cros- -slope in 
connection with the road from Simla towards Tibet said : — 

“ It is wel]^ to know that some authorities on this subject have 
recommended the eross-slopo of roads on declivities to run the wholo 
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way from the outside verj!;e to the inside, while others advise just the 
reverse, and not from the c<mtr(^ to each sid<'. Tli<' chief object of the 
first recommcuidation is to prevent the corrosion of the ouiside verge 
by the surface water, and that of the second to prevent any accumulation 
of water in the wah'r tables, hut they both appear to be most objection- 
able in practice, as they necessarily throw every carriage off its level 
and bring an unequal portion of the load on the wheels of one side. 
They also give a longer run to tin* surface walers on the road. No 
professional man should permit so serious an inconvenicmce to be 
inflicted on th(' ])ul)lic. His ingenuity ought to provide a remedy of a 
different kind.” 

152. This is not a strong argument as far as th(^ balance of carriages 
is concerned, for even on a convex section carriages must loan to one 
side or the other as they pass each other, l)ui it is corn'ct in saying that 
an inward or an outward slope giv(‘S a longiT run to th(' surface water 
on the road. This is what 8ir Henry Pariudl said in his treatises, when 
dealing with the subject of roads in mountainons countric'S : — 

‘‘Attention in making the siirEac<' of a j)rop(',r (*onv(‘x form is particu- 
larly necessary on hills, in ord(‘r that the water may have a tendency to 
fall from tlu^ centre to the sides.” 

153. (ireneral Hi. Cdair Wilkins furlh('r (piotes the opinion of jtn 
engineer of (‘xj)erienc(» who had charge of a larg(^ district containing 
several mountain roads and writes ; — 

“The system of slo[)ing the roadway from the ouh'T to the inner edge 
is faulty and liable to cause injury lo the surface from the e\c(‘ss of rain 
water made to pass over the whole, width of tie; road before it is carried 
off by the inner channel ; the great s1o[h? nec(‘ssitat(Ml in the transverse 
section of the road by this arrangcnmuit is also a \rry s(‘rious objection to 
carts proc(5edings smoothly along, and pn'Vimt the full width of the road 
being made nse of in places when^ its dimensions aiaj mvessaril^ limited. 
Most of the Ghat roads in this district a)q)ear to havii Immui formed on this 
principle, ami th<di’ unsatisfactoy state during th(‘. rainy S(‘asoii is suffi- 
cient proof that it is ill-ada|)ted to roads in localities wIku’c such a large 
rainfall takes place, and wh(‘re, t\w first ohj<H*,t should he to drain the 
road surface as fast as possible by si<le chanmds on <iach side.” 

154. General St. Clair Wilkins after giving the opinions of several 
other officers, and mentioning cases in which the inward slope has been 
abandoned in favour of a convex section, argues that carefully made 
gutters will save damage to the outer edgcj of a new foad, that a broad 

surface sloping inwards will w^ar easily and will turn into a gutter 
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for the passage of the drainage of tho whole width of the road, that an 
inward slope if considered safe at salients must bo considered dangerous 
at re-en irant angles, that a convex section has been adopted by common 
consent as tho best section for a road in level and in comparatively level 
country, from the point of view of tho engineer and of the user of the road, 
and that in mountain roads the convex section is, therefore, the one best 
suited for the traffic, for the drainage of its surface, and for economy of 
maintenance. He advocates the “ se gmental s ection ” of Mr. Telford and 
says that finished mountain roads with a grach' of 1 in 24 should have a 
crown of 5 inches for a width of 20 or 21 f(‘(d and of 6 inches with a 
grade of 1 in 20. Th(i Telford section, it should be remarked, is not a 
“ segment.” It is referred to as a flat ellipse, and an ellipse has sides 
that are steep and a central portion that does not drain w(dl. An ellipse 
is not the best form for a metalhiJ road profile . The writer recommends 
that two planes inclined at I in which are ado])ted for use in level 
country in tli(‘. United Provinces, should be us(h 1 for hill roads also, except 
at curves, the side drains being on one lev(‘l and th(^ meeding point or 
apex of the planes ))eing rouiidcul off during consolidation after, but not 
before, the edges hav(‘- be(*ii thoroughly rammed and the sides have been 
compacted to a Inu^ sloj)e. What should bo arrived at is a true smooth 
finished surface*, wiflioui an (*xcossive slo|)e at the edges, and this the 
tw'o-idane section best gives. 

niLI. ROAD CROSS-SECTIONS. 

Foundations may be necessary below the road m(*tal in each case. 





An oxopntionnl section adopted to nuimiain an easy gradient. 
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This section is more 
adapted to narrower 
roads. 



slabs. 


Gutters may be shaped out of the rock though shown as built with 



Slopes vary with nature of soil. 
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Section at salient^curve showing hanking^ 
The road may bo widened with advantage# 



Section at re-entrant curve showing “ hanhing^^ 
Usually there will be a bridge or culvert at r^^ntrant curves. 



TULL ROADS. 





Section showing parapet wall of boulders and clag in easy situation. 

Pig. 4a 



155. At curvos it is noc(\ssary, now tliat motor traffic has arrivod, tg 
“bank” the road ^vin^ it an outward s1o[m* at r c-crntraiit curve s and an 
inward slope at sa 1 ion t cur ves ; these slopes merging into one or other side 
of the two-plane scHition at a distance of about 50 feet from the end of the 
curve. Jf or particulars regarding “banking” the paragraphs on curves 
should b('. referred to. 

15G. The reasons that lead the writer to i)refer for straight lengths, 
the two-plane profile, are that it is the section chosen for roads on the 
plains and it works out automatically from tla^ two contrary sections of 
the inward slopes and the outward slope. Neither of tliose could be used 
throughout the whole length of a hill road carrying fast trai^c and one 
must change to the other, in the interests of the traffic, ^ as the road curves 
round sa lients and re-entran ts. 

157. A road surface of two planes inclined at 1 in 36 means, for H 
grade of 1 in 25, that the do>v pf the water down tiie road will be at ^ 
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angle of 35° to the centre lino of the road. If it is desired to get the 
water away earlier, the cross slope can be increased at some inconvenience 
to the traffic ; bat this is hardly necessary. It will be soon that General 
St. Clair Wilkins makes the longitudinal grade and the average cross- 
slope the same, and this looks as if the water ran off at an angle of 45° -to 
the centre line of the road which, however, it would not do, for the 
elliptical cross-section is much flath^r near the crown than its average 
cross-slope. The two plane section gets rid of the water soonest. At 
curves the slope of the cross-section will dej)ond on the amount of “banking"’ 
which will vary with the sharpness of the curve, as mentioned in the 
paragraphs on curves. 

158. If it is desired to throw oj)cn a road to slow traffic quickly, 
and before it can be said to be finished, the princij)le of the outward 
slope may bo adopted, with due precautions, as the road is (lasily made 
and has no inner drain or scuj>pers ; but such a road, carrying as it docs 
all the drainage of the hillside above it and of its own surface, must 
constantly be covered with d ebrj_s , and if wide, roughened by 4^e large 
flow of water over it, and it has to be completed by being properly shaped 
and drained before the engineer is satisfied with it, or can keep it in 
really good order. 

159. If, again, economy of construction is aimed at rather than the 
convenience of the traffic, a hill road that is meant for slow cart traffic 
may be made wdth an outw^ard slo[)c and without gutters. Such a road 
might be 12 feet or 14 feet wide between the parapet and the liillsidc. 
But if a finished cart-road is required for fast traffic, the width of the 
metalled roadway should be at least 16 fe(*t with space for 18-inch kerb 
and channel drains on each side and a width of two feet to three feet on 
the outside for a substantial parapet : a total w|dt4 of 21 or 22 feet. 

160. In his “Treatise on Mountain Roads"’ General St. Olair Wilkins 
specifies a width metal of 20^ feet between gutters for which he allows 
nine inches for the outer and three feet for the inner gutter, with one 
and-a-half feet beyond the outer gutter for a dry stone parapet : a total 
width of 25^ feet ; but a portion of the metalled surface in this case is 
encroached upon by guard stones placed at 4-foot intervals along the 
edge of the inner gutter at salient curves and along the outer gutter at 
re-entering curves. The, width mentioned above, ric., 16 feet of metalled 
road, is enough if kerb and channel drains are used. It is not necessary 
to cut the full width of the road except in special cases, for part can be 
in bank, supported sometimes by a retaining wall. Occasionally the 
full width is cut out as a half tunnel, but this is not often done for a 
Xl)4(K>t TO&d) being more freqnsotly used in die ease e£ narrow road# 
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crossing a short st(*cp cliff. Tunnels arc not often used on roads. For 
descrii)tions of these the Manual on Uailways should l>e consulted. 

161. Side drains or gutter s should he of the siinjdest pattern, and 
there is nothing to heat the ordinary kerli and channel shapes wherever it 
can he used. Deep narrow drains are dangerous ; shallow wide rectangu- 
lar drains take up too much room — and neither of th(»s(‘ should he necessary 
if the drainage is got rid otf as soon as <*.ver this can he managed hy means 
of scrji^ers und('r the road. V(‘ry large drains of masonry or reinforced 
concrete or wood may Ix' r(‘quired at sp(*cial places above and below a 
road to catch the wat(‘r Ixdore it soaks into the soil, which may be on the 
move, and to pass it off to firm gi ound below tin' road ; hut these are not 
side drains. Exi)eri<‘nce of particular lengths of rbads will show what 
kind and size of drain should he used. TIk' geiuTal principle of construc- 
tion of a side drain or gutt(‘T is (‘xplaiiu'd here. This consists of a soriot 
of vertical slabs about 1| feet 
long hy one foot wide hy two 
inches thick which are sunk 
into the ground to a depth of 
one foot below the low(^st point 
of the gutter, the bed of the 
gutter being the natural rock, 
sha])ed to section or slabs one 
and-a-half fe(3t hy one foot by 
two inches or small stones laid 
to a slope. The vertical slab is 
hacked by filling between it and 
the natural soil or the parapet. 

Sometimes boulders Ujfc msed to form the bed of the gutter ; soUK^timej 
it is shaped out of the natural rock. 

162. If the quantity of water to be carried off by gutter Is small, 
the cross-slope of the road (1 in 36) can b(‘ continued to form the bed of 
the gutter, but if much water has to be drained off, the depth of the gutter 
must be increased in order to keep the drainage from spreading over the 
edge of the road., This can be done by increasing the bed slope of the 
gutter. to as much as 1 in 6. And when gutters are used, the convex form 
of road profile, which does not work in well with the earthen “joairw** 
of a road in level country, may bo adopted if it is preferred to the section 
formed of two planes meeting at the centre of the road. 

163. To keep down the quantity of water that will run in the gutters, 
the water from the outer gutter should be led off between adjacent 
leoftbs of the parapet wall and frou the ioaer gutter bjr KUppen 

9 
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timkir the Food. Somotimos small Irish brid^^os aro mado for tho purposo 
of carrying vrater across the road from th(i inner gutter, but those ar<'. 
oi|t of pWm) even on a bridle road and an^ certainly out of place on a 

Scuppers should, if possible*, discharge* over solid rock, or firm soil, so 
rocky are good places for putting IIk'Hi in. They .‘•hoiild bo of 

simple design, a shallow tr(*nch co\ered with slabs being (*nough. 

16A. The engineer who ranges out tin* liiK* of a hill road should 
rom^mber that if he marks it out at the slo[)e of the maximum gradient, 
h^ is HJj;ely to find that partvs of the road wla n finished will have grades 
steeper than the maximum gradic'iit. Gc'iu ral St. CTair Wilkins says that 
the following rules should be observed in marking out a road of which 
tl;ie r uling gradie nt is 1 in 24 : — 

1. All straight or slightly curved reaches to ! (* laid out at 1 in 25. 

2. At re-entering angles where a ihain, culvert or bridge would 

occur the line to be taken across level, 

3. At sharp-angled salients the chord" of the curve to be taken 

through on the level. 

4. At less prominent sali(*nts the chord of tin*, curve to be taken 

through at 3 in 100. 

6. At easy salients the curve to he carried round at 1 In 26. 

“Those rules, he says, “may 1m* followed with advantage by the 
experienced engineer. The inexj)erienc(*<l engiiu’cr will do well to flatten 
his grades still more, otherwise his finished k ad will be .‘‘Ure to work out 
steeper than his ruling gradient.” 

% 

165* The line^ before work is begun, should be clearly marked out 
with, masonry pillars, one chain apart, and intermediate pegs, at 20-foot 
in^vals, which should not be movi^U till the W'orl^is finished. "Work 
can be given out to contractors in .5-chain lengths, but no contractor 
stiould be permitted to break ground in more* than one idiain at a time,, 
WiC^ks in the second chain being started when that in the first has been 
moasnred up. and paid for. If this is not done, some contractors vrill 
all the easy work in a 5-chain Ic’uglh and r(*fi-se to do the 
more difficult work. It is not necessary to complete the full shape 
of tb.e Poad at first. It is sometimes advantageous to cut the back 
slops vertical and to pay later for the soil that slips, while the earth is 
takipig up its natural angle, as slip clearance is cheaper than excavgtbni 
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166. Methods o£ measuring up the work vary. A simple method 
is to use two thin well-stretched ropes, an end of one being fixed at the 
cniddle of the other, the junction being taken as a zero point from which 
iho ropes are marked off in fe(»t, every fifth foot being marked with blue 
cloth and every tenth foot with red. By moving about the ropes till 
AEB is a right angle and again till ABU is a right angle and noting 
i;he distances AE, EC, EB, AB, DB, it is possible to estimate th<^ areas of 
ihe triangles ABC, ABU, (^BU. If preferred, a roj)e and a 50-foot tape 
may be used or the areas of cross-s(‘etioiis can be calt*ulat(‘d by noting the 
slope of the ground and the back slop(‘ of the (excavation as also the width 

AB. 



the estimate has been recorded in such a form as the onp 
^iven on page 72, it is possible to watch tin* (‘xpenditurc^ chain by chain 
ind to see if excesses an? likely to occur or if savings are possible. The 
: :orm looks puzzling at first sight, but on examination it will bo found tb 
(Contain just about what is required for a normal road, recorded in a 
iiystematic and methodical niannc'r. Modifications of it will sugge^ 
hemselves to officers who have road work to do. i 

168. The maintenance of a hill cart-road resembles that of a roajl 
to the plains, as far as attention to the road suFfacct^ and drains and 
culverts are concerned, but larger road gangs may be wanted in placej , 
for there is the road surface to 1 m^ watered, where water is available, an 1 
as the traffic on a hill road is gcmerally heavy, repairs have to be done 
quickly and slips cleared as soon as possible. For water-sup])ly, it is 
^ecessary to build cisterns over a spring above the road and to convoy 
^he water through pipes to the road, where it may discharge through a 
inasonry standpost into a long trough, wdiere cattle and horses can drink 
and from which the overflow can be conveyed along the roadside drain 
f^nd used for watering the road, the grass on parapet walls, etc, 
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1G9. Spocial caro should be taken to see that all drains are kept 
clear and the waterway of culverts is not choked. It is usual to provide 
Cfttchjnts above road culverts to prevent the waterway, if it is at all 
restricted, getting blocked with stones and debris, and these should be 
cleared b(‘fore the rains. The bods of streams should be watched to see 
that they do not cut back and endanger the foundations of bridges and 
any accumulation of water in the stream bed above a bridge, owing to 
landslips into the stream, should be noticed and dealt with, or there may 
be a lake-burst that will wash away a bridge and damage the road. 
Where an accident of this nature occurs, a temporary d irey gdon of the 
road must be mad(‘ and a temporary bridge^ put up ns soon as possible. 

170. Ciiicb-aaEatcr drains above a road and drains Kelow a road 
should alw^ays be k('pt in working order, and the walls b(dow a road 
which are intended to hold u]) sl ipping soil s hould be ins])ected from 
time to time and renewed, or repaired, ns need arises. Slips of earth 
on to a road should b(' dealt with promptly by a breakdown gang, 
rocks blasted, and fallen trees removed, and the road surface made good. 

171. All bridges should be examined at least once a year and iron 
biddges should be specially seen to and re-painted from time to time. 
Inspection houses should bc' k(‘pt in thoroughly good ord(T and their 
surroundings should be koi)t in a sanitary condition, special attention 
being paid to tin* water-supply. The furniture and cooking utemsik, 
lamps and crockery should be examined during road inspections and kept 
clean and fit for use. 

172. As a rule, arboriculture is not much attended to on hill roads, 
but something can b(‘ doiu* in places, where there are no fonvsts, 
towards providing shaih* for travidlers, and “ e/nV,’’ chestnut and walnut 
trees may be induc(‘d to grow along treeless stretches of road. As in 
the case of arboricultun» on the plains, a i)rogramme of operations and 
much suj)ervision are m^eded if systematic results are tet be' attaimnl. 

173. The followu'ng descriptive report of the (estimate for the 
Ohakrata hill ftart-road from Kalsi on the Jumna in tlu‘ lJ(dira Dun 
district to Chakrata is extracted from the (College Manual on Roads, 7th 
Edition, and , may^lx* taken as a fair sample of a report on works of this 
class in tlu^ out^T ranges of the Himalayas : — 

The i)lain8 road is held to tenninate, and the hill road to commence, at Kalsi. On 
the former the vnliTij^ jiardient is 3 in ICO, on the latter 5 in 100. 

Description of covvtryy lower section . — From Kalsi to Sahia, a*di8tiM|ce measured on 
the line of lOJ miles, the road lies on the hif;!! lands, which form the western side of the 
Umlawa valley. These, in their lower features ne.ar the level of the river, abound in steep 
rocky jsnround and precipices, the river in many places passin" throu<?l> narrow pfullies 
channelled out of the solid rock by the action of the water. At an elevation of 800 or 1,000 
feet above the river’s Ijed the ground is not so steep, and the surface is covered with soil 
and frequently under cultivation. 
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A lino vTfts laid out orij^inally risinsf rapidly from Ealsl, until these comparatively flat 
grounds were reached and then carried along them. 

This line, however, encountered a very serious landslip, in the 6th mile, which pre- 
sented an obstacle insurmountable by any ordinary means. Tkta Hah WV a, 
aroun j3L.whlch the line wound. The soil of loose shale slips from a height of abosit aOO 
feet above the line and over a length of alv>ut 1,0(K) feel. It was essential that this slip 
should be avoided altogether, which could only l)e done by crossing the gorg[e of the valley 
below It. 

The only work of any importance whatever executed on this line was opening out 
a gallery in the precipices of tlie 3rd mile. There was, therefore, no need for hesitation in 
abandoning nearly the whole of the old line and adopting another, which should avoid the 
landslip), cut across the throat of the Diidhow valley, and present a gradually rising gradient 
and level portions, instead of a continuous rise followed by a fall. 

The galleries in the precipices of the 3rd mile have l)ecn retained in the line, and 
doing this causes, in fact, the only difficulty with which we have to deal. 

i!iff-zap jbovp KaUi. — To preserve the ruling gradient, the line has to be carried back 
up the valley above Kalsi and to return, forming the only zig-zag that occurs in the whole 
line. The turn has been made as easy as possible on a flat table with a radius of 80 feet, 
i €h*adients » — Above the precipices level portions have been inserted in every mile, 

4lt0i^ting with gradients not steci>cr than 5 in 100 up to the 8th mile, from which point 
the line runs level to the crossing of the Tmlawa. The Tmlawa valley was said to be 
very IS^laricuus, and that it was eonsidered essential to carry the line at a considerable 
height above the river. The line, as at present laid down, lies generally about 600 feet above 
the bed from the 2nd mile t^ Pudhow, from which point they gradually approach each pther 
till at Bahia they coincide. In this npiKir part the valley expands very much and is free 
from jungle, and malaria need not lx? apprehended. 

Why Jhp waft not rarripd Ja past of Umlawa, — It may be asked why the line was 
^mmenced on the west side of the Umlawa and not on the cast, on which side Ohakrata, 
the final terndnus, lies. The valley of the Umlawa on its eastern side is exceedingly 
precipitou|tr; if consists, in fact, of a single l>old cliff rising abruptly to a height of about 
1>000 feet from the river’s bed, and extending for about five miles up its course, where it is 
broken by a ravine which discharges a water course into the river. It would have Ijoen 
impossible to cross this ravine, excepting at the level of its junction with the UmlawAf-luid. 
at this elevation the whole road would have had to be cut out of the solid rockf The valley 
behind the M f i p o fo the east does not extend in the direction in which the line has to Ije 
carried *, a long dc^ ur would have been necessary through Pokri, and the road would 
probably have been $5 miles long instead of 25. 

Large There are but two works of any magnitude on the lower part of this 

section, that is up to Sahia, the landslip bridge in the 6th and the Umlawa bridge in the 
10th mile. The former consists of a single span of 50 feet, a circular segment of 120° crossing 
the neck of what we have termed the landslip valley. 

In selecting the imsitioii for the bridge, it was necessary to keep entirely clear of, and 
below, the landslip, and at the same time not to go much below, as the lower the line the 
more rocky and precii>itous the ground. The rock on cither side is not of the natiite to 
afford secure foundations of itself. It is rather shaly and The l)ed of the stream 

is formed partly of tliis shale rflid partly of large rocks and bould ers fallen from above. The 
bridge spans the throiit. of the valley ; it is much larger than it is required to pass the 
water, but it is necessary to throw l>ack the abutments in order that they may not be 
injured by the larger masses of stone brought down. It is also very (juestionable whether 
a reduction in the span, whieb would Involve much Increased woyk In wtng-^vaUs, etc., 

wm'iM hft AAnnnnnlrtol 
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tlmlamsk bridge. — The Umlawa river ri«jes in the Deobund range, about 10 miles above 
the point at which we .cross it. This point was selected with special regard to advantage 
of position for forming the bridge, bounded in a measure by the limits within which it 
wi|s necessary to commence the ascent towards Chakrata. The river collects the whole of 
the rainfall of the western side o£ the Ohakrata, Pokri and Dairat spurs, of the eastern side 
of the Naga spur, and of the southern slopes of Deobund lying between them. There is a 
considerable perennial flow of water in the river easily fordable in the dry seasons, increas- 
ing during rain to a perfectly impassable torrent. In the course of about 18 hours after 

the cessation of heavy rain it subsides ami becomes i'ordabio with some didiculty. The 

fall in the bed between Sahia and Kalsi is 1,700 feet in a length of bed of nine miles about ; 
from Dudhow downwards it is steeper than from Sahia to Dudhow, indeed in the lower 
portions it fallM in a succession of The fall in the beil, as measured for one mile 

above the crossing, is about 150 feet per mile. 

The water c hann el at Sahia is well dedued ; the valley has expaiidhed and has a 

moderately level bottom, the river having channelled out a course for itself, and the ground 

rising from it on either side in cultivated teiraccs partly of artificial I'oimatiun. 

When the river is in Hood, the force of the water is very great, carrying largo masses 
)f stone before it. I think it, therefore, expedient nut to place u pier m the bed subject to 
rude shocks, but rather to span the channel by a single arch of 60 feet. 

Good building stone abounds in the neighbourhood, and although, for an arch of thil 
> size, it will be necessary to prepare v oussoir s of dre ssed ashla r, the cost will not, I think, 
appear extravagant. ^ 

In this case the left a Tjut^e nt can be placed securely in a solid mass of roek which 
projeoli from the bank, and the position of which formed a chief feature in inducing the 
selection of this crossing. The force of the current is directed towards this side. The 
stream will pass as directly through the bridge as can be hoped for in the short reaches of 
a river of which the course is so tortuous. 

Lin$ above Sahta. — The character of the ground o\er which the line of road runs 
above Sahia is very different from that below. The slopes are generally easy, and com- 
paratively but little rocky ground is met with. The distance along the road from^Sahia tt 
whore the line cuts the ridge at the de^iot is 16 miles. 

Sainjh valley hridye.-' ai first laid down, the line entered a valley lielow Sainjh, in 
which it ran back for nearly a mile; the throat of this valley is foi med by two abruptly 
projecting rocks, separated by au interval of between 60 and 70 feet, and enclosing a 
chasm 70 feet in depth. It was decided that this cba.sm .«hould be spanned either by an 
iron girder or stone arch and the long^detour around the valley be saved. 

There is nothing else on this upper section on which it appears necessary to o^or 
special remarks. 

Marches for troops, ^Troo^fi proceeding to the saiiatoriuni will probably have to make 
two marches from Kalsi to Chakrata. The distance by the cart-road is 25^ miles from 
the lower encampment at Kalsi to the point at which the line strikes the ridge near the 
depot; the site for the regiment is about one mile further on. VVhiUt the carriage must 
of necessity follow the cart-road, the men might march partly by this road and partly by 
patiwof (iteepor gradient that may bo constructed to cut off some of the long detours. 

The ffiost favourable place for an intermediate encampment is S^hia at the U mlawa 
bridge ; here there is moderately ffat ground and an ample supply of good water from the 
river. Tim lower section of 10} miles cannot be shortened by the expedient above named, 
but the upper section of 15 miles may probably be reduced by paths uu a gradient of 10 
in 100 to 18 miles. These paths may bo opened at a very small expense, probably not 
moi^ than Rii 500 |)er mile, as the features and soil on the upper section are favourable* ; 
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Water ia found at intervals all' along the line, Imt in abundance bnly at 
the iHiidslip, Dudhow^ the Umlawa, Korwa, and at the etreams in 10 and Jl miles of 
nj)per section. ^ ^ 

Survey — The surveys and cs tjma te have been prepai'ed with the utmost care. Aftoj^* 
the lino had U^en flagged out, it was repeatedly examined and corrected, where necessary, 
to secure the best (joints at which to cross the watercourses, or to avoid difficult ground 
without falling into other errors or ditfieultics. A pathw ay was then cut, on which the 
levels were taken and a traversed line surveyed; a cross-scction was taken every 100 feet, 
and these have been plotted on the plans in contour lines at vertical ijitervals of 60 feet. 
The nature of the soil was ascertained in each 100 feet, and has i>een exhibited by different 
shades of colour on tlie drawing. Permanent bench-marks have been sot up at frequent 
intervals. The ceinre^Hne (»!' every culvert has been marked by strong pickets. 

— The quantities of excavation have been taken out mile by 
mile for every 100 feet on a tabular form, classifying the work under tlie three headings of 
rock, 8ton/*and soil. The specilicatjons of whicii are stated to be — 


Hock — that which can he removed only by blasting and the crow-bar. 


Stony — soil freely intermixed with stones of .such nature that the combined use of 
crow-bar .and picka xe is uecessaiy for its removal. 

,poil— that which can be removed by the 

Culverts . — The culverts have been arranged under the standard spans of 2J, 6, 7|, 
10 and 1 6 feet; any opening of larger size is classed as a bridge. The quantities of work 
in culverts are taken out mile by mile according to the standard drawings, allowance being 
made for extra work in those of which the piers are Iffgher than provided in the standard. 

Width of road —A 1 5- foot width of roadway clear has been given to the culverts, one 
foot more than has been allowed in galleries cut in precipices. The width of road in the 
several portions have already been fixed by Government. 

— The small openings for discharge of road drainage 18' X Iti'^ have been 
termed scuppers ; they have been provided in the proportion of from 16 to 40 in the mile 
of road according to the nature of the ground. The position of each scupper has been 
determined after a careful consideration of the features of the ground, the nature of the 
soil, gradient of road and extent of hill slope below which it occurs, it i^uy possibly be 
necessary to add to their number. It is ditficult to determine this until the road has been 
opened to its full width, llie scuppers are taken out by the mile in the estimate. 

Parapet voallinq .—-ThQ parapet walling is e.stimated mile by mile, divided into dry 
stone and in mortar. The dimensious and nature of the walling have been discussed in 
previous correspoudeuce. An opening of one foot is left at each culvert, aud one of three 
feet at every 5U0 feet, to permit of cattle passing to graze on the hillside. 

Metalling has been provided to the full width of the road and thickness 

of six inches. 


CompeMatlon for land . — Compensation will have to be given for a very small amount 
of cultivated land in th bed of the Umlawa aud at the villages of Sainjh and Korwa. 
The whole of the rest of the line runs over ground. 

Mates Total cost and cast per The rates have been determined by the expe* 

rieuce already gained in opening out pathways aud forming galleries in the precipices 
alx)ve Sahia. The total cost per mile of ihe line. Us. 13,628, does not apiiear high by 
comparison whh the cost of the Naiiii Tai road. 

On the other hand, 1 do not think that we have erred on the side of too great economy ; 
the principal outlay is in excavation, the rates of which are based on the experience 
already gained. 

Mfithod of calculating excavations. is to be observed that in ground of this naturtr, it 
Is impossible to estimate the quantity of cutting with the accuracy attaiunble on ordinary 
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roads, Hw is it easy to foresee precisely where it maybe necessary to substitute retain- 
ing walls of earthen slopes above the road. I'he calculations have Ijeen based on the 
following considerations. Where the natural slope of the hillside has a base of 2 to 1 
^rpcndicular, the soil is generally not tenacious, and frequently the dip-^ ^hr* will 

be with the slope ; in this case we have assumed that the back slope may be left at 45® 
or base s 'perpendicular. 

Where the natural slope has a base of 1.J to 1 perpendicular, the conditions point to 
the conclusion that the soil is tenacious, or that the strata lie nearly horizontally, and 
here we assume for the back slope a base of J to 1 perj)eiidicnhir. Tt is in these places that, we 
may most probably have to add retaining walls, as, wliero (here are any symptoms of failure 
in soil, it would be more economical to build a breast wall than to atld to the cutting by tlie 
very large area that would have to he taken out in section to s^'ciirc a back slope that would 
suit the soil. In these cases the sectional area of cutting saved by the breast wall will pro- 
bably nearly compensate for its cost. 

Where the natural slope is 45 ‘, or steeper, there is iwidenee from this fact, tha't the soil 
must be very tcnagiiiwsrthat it is on rock, or that the ilip of the strata is opi)OBcd to the slope. 
In these cases we have assumed sections varying, in the baclTsTupe, from ^ to 1 to a vertical 
wall. 

Patttern ri’ann-aections of fxcarafiott . — Niue pattern cross-sections have been plotted 
on these principles, the areas of which are applied in the table of quantifies to each sucq|K6ive 
100 feet, according to the local natural slope ascertained, as I have above said, by measure- 
ment on the ground. * 

I do not sec how wx could arrive at, estimate of the quantities likely to Ik? much nearer 
the truth, until by opening perhaps half the widlli we can ascertain the exact nature of the 
soil at every point. It may, perhaps, Ikj accepted as sufficient, to promise that on the work 
reaching this stage, the table of quantitictf shall be revised with a view to determining 
whether the gross quantities jirovidcd will cover the cost of the completed work. 

The quantities and cost of all the other descriptions of work can, of course, be 
arrived at very closely, and excejition within a moderate limit being allowed in the 
case of the scuppers, to the number of which some addition may, in certain places, be 
necessary. 


10 
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Collection and consolidation of kankak. 

174. Kaiikar is a form of limostoiic which is found in layers at 
varioas depths below ground, very ofh'n in land iini»rt?gnMied with 
saltpetre or “ reh ’’ and known as “ usar ” land in the United Provinces. 
The thickness of th(^ beds ^'aries. Oftcni the kankar is found in very 
hard layers and has to be broken into blocks. This is known as block 
kankar or “ chatt ” or “ silia.” It can be used for building purposes, or 
for pitching', and, when broken to a 2-inch or li-inch si/e, for road work. 
It is often very hard and has to be consolidated, as stone, is consolidated, 
that is, with the addition of binding nuiterial as th(‘ work nears comple- 
tion. The (io<iular^ form of kankar is callcMl hirlnva,'" It may be 
found in clay soil or in sandy soil, its quality as roaii material vary^ing 
with the nature of the soil. That found in umr ” is generally white 
and soft, while sandy clay produces weaker kankar than is obtaiiK^d from 
clay soils. Sometimes it wdll be^ found that a quarry yd(dds stuff that 
looks good, but that breaks up into very very small pieces which do not 
make a good road. Occasionally nodules will be found above the soil 
These are clean and hard, but difficult to consolidate and 
make an ind ifferent road* 

HtrST Good lime, sometimes rich, s ometimes hydraulic, can bo made 
from kankar, but the best road kankar does not make the l)est lime, nor 
does the best lime-pgiiducing kankar make the l)est material for road 
work. Good kankar for road work should be heavy and hard, and dark 
in colour when fractured. Most quarries, esixicially of block kankar, will 
produce some that is of poor quality, breaJving easily, crushing to powder, 
unfit for road work, and this will be carted to the roadsides Us w ill also 
a quantity of earth, unless measures are taken to see that “ cleaning ” i^ 
done at quarry. 

17(). will generally bo found on private land, and land- 

owners or zamindars will often object to their being worked, but in the 
United Provinces, it is recognized that the Government owns the kankar 
and can have it on payment of a royalty of four annas per hundred cubic 
feet as compensation for the disturbance of the land. Failing agreement 
on these lines acquisition of the land under the Land Acquisition Act 
liMomes necessary. In some districts neighbouring landlords try to 
iix||i^se a fee as compensation for damage done to their crops by dust 
by passing carts loaded with kankar, but this should not be allowed^ 
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17 7# The men who dig kankar are paid in different ways in different 
districts. Som^tiinos they are paid a daily wage ; at other places they 
receive payment according to the work they do. The quantity of kankar 
they can dig dejiends on the (|iiaHty and on the depth at which the layers 
are found. Taking the daily task at 15 cubic feet and the daily wage 
at 4 annas, the cost of 100 cubic feet of metal is roughly Rs. 1-12, and 
if the task is 12 cubic feet, the cost is approximately Rs. 2. This 
is for digging, breaking and cleaning at the quarry. In addition 
4 annas have to be pnitl as land compensation for every 100 cubic feet 
and 8 annas for further breaking and cleaning, and for stacking at the 
roadside. The rate for the metal stacked at the roadside exclusive of 
carriage would, therefore, bo about Rs. 2-8 to Rs. 2-12 per 100 cubic 
feet, but might be less or more according to the task and the labour rate. 

178. In estimating what the task should he, due consideration 
should be given to the quantity of inferior metal that a quarry produces, 
for sometimes noarlj- all that is dug can be used, and sometimes 20 per 
cent, may have to be put aside. In one district a contractor j)aid eij^ 
annas for a of 30 cubic feet, which reduced to 22 cubic feet 

when oloanod, so the rate became Rs. 3 per 100 cubic feet, including four 
annas for royalty and eight annas for cleaning, breaking and stacking. 
In another case six h(‘aps of 13 cubic feet cost Re, 1, and the waste was 
10 per cent., making the rate, after adding 12 annas as above, Rs. 2-2-6 
per 100 cubic feet. Officers who prepare rate lists need to collect 
information of tliis kind and in as great detail as possible. 

171b Th(' two examj)les given below are taken from notes of work 
done in diffenmt plac(\M : — 

(a) Five iiKui, at 4 annas each, dig 10 feet by 10 feet by .5 feet, and 
produce 70 cubict feet of metal, which they clean and which 
reduc(\s to GO cubic fecq. 

. , Kb. a. p. 

i 00 cubic feet cost, ... ... ... ... 2 10 

Land compensation, ... ... ... ... 040 

Break, clean, stack ... ... ... ... 0 8 0 

Total cost of 100 cubic teet, exclusive of carriage, ... 2 13 0 

(/>) Kankar layer is 12 inches deep and throe feet l>elow ground. 
For 100 cubic f<‘et of kankar an area of 134wSup. feet is dug out. 


Bs. 

Earthwork 134 X 3 at Us. 2 per thousand}... *800 

Kankar 134 x 1 atlls. 4 per thousand, . ... ... ... s= *636 

"Brrok 134 at 0 annas i>er cent.,.. .... , s= *600 

Clean, breakafiTl^jick 100 at 10 annas per cent., ... ... = *626 

Royalty or land compensation, .... ....^ ... =*260 


Total for 100 cubic feet, 
Exclusive of carriage, say Rs., 
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180. Carriage h sometimes paid for at a rate of eight annas per 
hundred cubic feet per mile, estimated, probably, on a daily task of 25 
cubic feet carried 16 miles at a rate of one rupee per cart for a day. 


Thus for N miles— 
Number of estimated trips, 


Quantity delivered at a cost of 16 annas, 


/, 100 cubic feet cost, 


16‘ 

“ 2N 

16 y 25 
“ 2 N 


100 y 2N X 16 
16 X 25 


or 8N annas. 


which is 8 annas per mile. 


181. For short journeys the rate per mile should be higher than for 
a long lead. It is difficult to find a rate that will suit most cas(»s. To find 
a rate that will suit all is impossible, for what suits one road will not suit 
another where the villages along a road, and near it, in which perhaps the 
cartmen live, or halt, during jourmys, are differently placed, or where, 
again, a stretch of very sandy soil has to be crossed in one case and not in 
another, or a stream to bo negotiated, and it will sometimes bo found that 
there will be a rush of contractors for some miles of collection, while none 
will tender for others. In a ease like this an officer who frequently 
inspects quarries and makes himself well acquainted with every circum- 
stance connected with them will be able to say why this is so and will 
get the rates adjusted. 


182. The rn tf»s for carriage given below are based on the assump- 
tion that a cart costs 14 annas a day and can carry 25 cubic feet to 30 
cubic feet of m(‘tal. The quantities that can be delivered by each cart 
daily may be taken as 100 cubic feet for the first mile, 55 cubic feet for 
the second, 40 cubic feed for the third and 32 cubic feet for the fourth 
mile. These arc not absolute figures, for they will vary with circumstances. 
They are based on four trips, two trips and one and-a-half 'trips for 
miles 1, 2 and 3 resp(‘ctively. 

Then the carriag(‘ rates will be for 100 cubic feet — 

Bs. a. p. 

. 0 14 0 

, 1 10 0 or 12 annas more. 

>. 2 4 0 or 10 annas more than for 2. 

2 12 ^{LjQT 8 annas more than for 3. 

For mile 5 and subsequent miles a<6 6 annas per mile per 100 cubic 

feet. 


Mile. 

4, 




'\ 
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183. 

below 


The rates for carriage will, therefore, be as given in the table 
Table VI. 


Kankar collection. — ^Carriage rate for 100 cubic feet. 


Mile. 

C'ost. 

Rate per mile. 

Mile. 

Cost. 

Rate per mile. 


R8. 

a. 

P. 

Rh. 

, a, p. 


Rs. 

a. 

P* 

Rs. 

a. p. 

1 

0 

14 

0 

0 

14 0 

11 

5 

6 

0 

0 

7 10 

2 

1 

10 

0 

0 

IS 0 

I 

12 

5 

12 

0 

0 

7 8 

3 

2 

4 

0 

0 

12 0 

13 

6 

2 

0 

0 

7 6 

i 

2 

12 

0 

0 

n 0 

I 

14 

6 

8 

0 

0 

7 6 

6 

3 

2 

0 

0 

10 0 

16 

6 

14 

0 

0 

7 4 

6 


8 

0 

0 

9 4 

IG 

7 

4 

0 

0 

7 3 

7 

3 

14 

c 

0 

8 10 

17 

7 

10 

0 

0 

7 a 

8 

4 

4 

0 

0 

8 6 

18 

8 

0 

0 

0 

7 1 

9 

4 

10 

0 

0 

8 3 

19 

8 

6 

0 

0 

7 1 

10 

• 0 

0 

0 - 

0 

8 0 

20 

8 

12 

0 

0 

7 0 


Milo 20. Ill this case about two antl-a-half days are required for one 
trip, so 25 cubic feet will cost Rs. 2-3 and 100 cubic foot cost Rs. 8-12. 


Mile 15. About two days must be allowed for one trip, so 25 cubic 
foot cost Rs. 1-12 and 100 cubic foot cost about Jls. 7. 


Mih^ 10. Allowing one and-a-half days per trip, the cost of 25 cubic 
feet is Rs. 1-5 and 100 cubic feet would cost about Rs. 5-4. 


The results in tiu' tabh'. agree fairly well with these results. 

184. Extrena^ accuracy is not required in fixing rates. What is 
.wanted is a fair rat(* list against which contractors can tender in com- 
petition with others. 

185. The rate for road metal delivered on the road will be the sum 
of the items digging, chjaning, breaking, stacking, carriage. 

186. Sometimes kankar has to be carried by both road and rail or 
by road and canal or by all three. In these cases detailed calculations 
have to bo made based upon the most favourable rates at which the 
Railway Company concerned or the Irrigation Department will carry 
road ballast. Te rminal charg es and loss in handling should always be 
taken into consideration. 
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187. TThen the kankar is brought to tho roadside, it should not be 
thrown down in the place where it has to be stacked, but, as a rule, on 
the opposite side of the road, hut not on the travelling surface, and 
there it ought to be spread out to dry, then well dusted and broken to 
the proper size, any soft stuff that it may contain being removed before 
it is carried across the road to be stacked. Small stuff should also be 
removed and piled in regular heaps away from the road metal. The 
stacks should not be made on the travelling surface of the road, if this 
can be avoided. They are made 13 inches high (measured as 12 inches) 
and of a s(»ction corresponding to that of the road, for instance, a road 16 
feet wide for which a 4^-inch coat is being collected would have stacks 
of an area of 16 x f = G sup. f(‘et and a road 12 f(*et wide would have a 
stack of area 12 x | = 4^ sup. fe(4. For petty n^pairs im‘tal stacks may 
1^ five S. F* in section, as this is i\ convenient figure for culciilatioiis. 


43 . 

Cross section of S foot stack of metal 



allowance for settlement, and is jlrovicled for in the gauges which are 
officially sup])lie<I to contractors, and caie should he tak<m to see that 
the stacks are. made to gauge. Subordinates sometimes test only the 
to]> width and tho height. They find, perhaps, that th(^ former is correct, 
as for example, four feet in the case of a stack that is supposed to be of 
five suiicrficial fe(‘t, hut the height is less than it ought te he, say, for in- 
stance, nine inches instead of 13 inches. They post up tludr measurements 

as d" IT ^ ^ superficial feet, hut this is not correct, for 

tho average width of tho stack Hs less than five feet. It is [)ractieally four 
and three-quarter feet. Kankar stacks shouI<I he measured soon after 
they are made, for if this is not done, it i^diffieult to decide what wero 
the measurements of the original stacks. 

189, Stacks should he opened out at varying and 

back, for examination. Very often some largo kankar, siJJPF small 
kankar, some soft luinkar, some dirty kankar will ho found in them 
and occassionally the inspecting officer may find a core of earth or a 
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largij rock. He may find the stacks placed on high ground sloping away 
in botli directions which reduces the height at the centn^, while giving 
an app(iarance ot full h(ught, or they may bo concave at top while of full 
height at tlu) edges, esja^cially when wide stacks are used, as they have 
to be wIku'c stacking space is limited. If the berms are levelled before 
stacking is startcnl mistixkes of this kind are avoided- 

190. Collection of kankar begins soon after the (md of the monsoon. 
It is sometimes delayed on any plausibhj excuse, and an attempt is made 
in March to rush in as much as possible before the end of the financial 
year, in the. hop(\ that inferior stuff will be jiassed in ord(*r that funds 
may not laiise. Endc‘avour should b(‘, made to prc'-vTjit this in arranging 
contracts by seedng tliat the work is not given to num of straw and, 
subsequently, by seeing that progress is niadci in acconkinct* with th('. 
contracts. Tlu^re are tinu's of the year when, owing to agricultural 
needs, it is extremedy difficult to arrange for carriage,; but if the work of 
collection is starh^d (^arly and steady progress is madi^ at first, there need 
be no rush in March. 

191. It is a good plan to get permission to start colh'ction in a few 
miles that <lo not appijar in the current estimates, but will certainly 
appear in the estiniat(‘s of the coming y<‘ar, for, if contractors fail in 
collecting any {)ortion of the mih^s that an^ in the sanctipiuid estimate, 
payment can be machi for work done on th(‘. (‘xtra miles. Aftxu’ March 
any miles that are incomplete can be complebid by June and any new w’ork 
undertaken that can undoubtedly be finished by June. If too much is 
attempted there, will be some incomplet(5 collection in June, or the work 
will be hurried and inferior metal will bi‘. brought on to thi*. road. 

192. As an alternative it is well, whim framing a i)rogramme of 
work in April, to divide* this into niil(‘s of collection callt‘d A, B, C. A 
miles iiujan those that are to be consolidated during the coming monsoon, 
B miles an; thost; that should lx; collecDul between lh(‘- (md of the 
monsoon and the (Uid of the following March, and (j miles are a few 
extra miles that form a reserve on which payments can be made if any 
B miles remain unfinished. Miles of the; and (J class which are incom- 
plete at the end of March becoiiK* A miles of tht; next year. Th<‘ miles 
classed as A and B are covered by the; grant for tin* year and the value 
of the collection provided un<8er C may equal 25 per cent, of the grant* 
There ij^|lhus a ^f^ery( ; which iiioets deficient collection on B miles, or 
admitp^ further payments if all B miles are, collected and further 
allotments are made. Without some such arrangements as those.indicated 
above, contractors may collect indifferent material in March in the hope 
that it will be paid for merely to prevent funds lapsing on the Slst Marobi 
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193. Specifications £or kankar collection seldom s«ay more than that 

“ the metal is to be hard, clean and fit for road mental in every rcsspect, 
broken to a 1^-inch gauge, sieved and cleaned, so ns to be perfectly freci 
from earth and other matters before it is brought to the roadside. ” This 
evidently implies that each piece should be of the siz(^ sj)ecifi(‘d, as far as 
}>ossible, and that ” should be sqm'^acd .out, and there is no doubt 

that uniformity in sizt^s in quality, is to be aimed at. Jt is recognized, 
however, that uniformity cannot always lx*, secur(‘d for s])ecifications for 
consolidation, say the new metal will l)e paok(‘d by hand, tin*, largest 
sized metal being spread in the low(‘st lny(*r, with th<‘ nKMlium siz(»d 
metal above this and the small on top. ” 

194. If the metal is broken from blocks th(*n‘ is not much danger 

of there being loo much collected of smaller siz(» lhan that sjiecified, but 
with nodules there is always a chanc(^ of too nuich of the stuff smaller 
than one and-a-half inches finding its way into tin* stack, and it would be 
as well to limit this^ but a good deal depends on the sort of kankar a 
quarry produces and, ik) absolute percentage can b(*, prose*, rib(*d. (The Road 
Board in England allow 15 per cent, of stuff under one nnd-a-half inches 
in their specification for 2-inch stone). Stuff ov(‘r tin* specifi(*d^iz<‘ should 
not be collected. 1 

195. Though th(^ consolidation of kankar is sometinu's doin* by me*, alls 
of steam-rolhirs, and though some hard clean block kankar would be better 
consolidated by steam-rollers than by rammers, it is usual to employ the 
latter and they undoubtedly ludp to make a better road with ordinary 
kankar than steam-rollers would, for rollers would crush the material. 

196. When there is enough water on the roadside during the 
monsoon for the work of consolidation to be done*, tlui roadside stacks of 
metal should be opened out, and the metal should be spread out, so that 
it may dry to some extent and attain a state in which it can be cleared 
of the dirt which is to be found in all stacks of kankar after they have 
been standing for some time, even though this may have been cleaned at 
the quarry, and again at the roadside, before being stacked. The 
presence of this dirt is due to the dust that blows about in the dry season, 
settles into the stacks and cakes when rain falls on thorn. Opening out 
the kankar heaps lets the wet material dry if there is clear sunshiny 
weather, or lets it be washed off by heavy rain. Failing effective cleaning 
in this way, the metal, before being laid on the road, should be put into 
baskets and dipped into water. At this time, too, any large jpi^ces of 
metal that have been overlooked during stacking should be broken to a 

Hse of two inobesi At the same time the oontractor should collect at the 

* 



OOLf^KCT^K AXP COijsiqilPA'npN OF I(A>7KAR. 81 

Bite of the work such rammers (duf^aisjjj templates (pharm^s)^ digging 
tools (phaumhg), picks (kudals)^ jj)ickiax 0 s (gaintis)^ rakes, twine, 
flags, lanterns, hammers, wooden barriers, baskets and gharas for water 
as %re required for the work. It this is not done there will be delay 
later on and the labour gangs will bo idle while a man is sent to the 
central depot to get tools. 

197. When the work is being started, a barrier should be erected 
at each end, at a distance of ^20 feel from the portion in hand, and a red 

. flag should be placed conspicuously at each barrier by day and two red 
lights by night. Similar flags and lights should be placed at cross-roads. 
Notice-boards (Apptmdix 4 ) for the guidance of motorists should be put up 
at about 275 yards from the portion of the road under operation. The 
earthen sides, or patris, of the road should l)c kept free of tools, or other 
obstructions, and in thorough repair for the use of traffic all the time the 
work is in hand. 

198. If the road is a new road under construction, the earthen bank 
will need to be shaped and rolled, or beaten firm, to receive the lowest 
coat of metal, in cases where a foundation of large stuff is not bedng used. 
Some officers like to make their embankments up to the full formation 
level and to out out a channel about six inches deep to receive the road 
metal. Others make th(‘ road bank somewhat lower than the finished for- 
mation level and beat down the centre 12 feet of the road bank with ram- 
mers, sliaping it to correspond to the finished surface of road metal. 
In this case the ])atris or should(»rs of the road are made when the 
consolidation is finished. Both methods an^ used. The latter seems to 

the better. 

199. If the road is an old road which is having a renewal coat put 
on it, the next step will depend on whether it is being renewed with a 4^- 
inch coat, or ro-surfaced with a 3-inch coat. And it should be said that 
these terms are used here in the sense in which th(‘y are used in the 
United Provinces, for somc'times, in road literature, re-surfacing is used 
to denote what in the provinces referred to is called renewal, a new 
4J^-inch coat laid on the old surfacMi after this has been lightly scarified. 

200. If the road is being renewed with a 4^inch coat, the old surface 
will be very lightly scarified all over, just to roughen the surface, with- 
out destroying what is the foundation of the new coat. If the road is 
being re-surfaced with a 3-incli coat, the old surface will be dug up all 
over, to a depth of one and-a-half inches, the loosened stuff will be sorted 
out to separate from the rest such material as is fit to be used again, and 
the serviceable material will be mixed with the newly-collected kankar 

11 
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before the metal is laid on the road surface* Both methods are usedt 
The former is the better of the two, but sometimes the smaller initial 
cost of the latter prevails. Tt is not necessary in the case of re-surfacing 
to repair the old road surface as it will be dug up, but in the case . of a 
renewal coat, the old surface should be patched before it is scarified 
Some officers cease repairing a mile of road on which collection for 
renewal is in progress — a system that cannot be recommended; for the 
surface which is not repaired will deteriorate rapidly and will not make 
a sound bod for the new coat. 

201. While the scarifying is in progress on an old road, and before 
the metal is spread on a new road, a wall of clay 8 inches wide by 6 
inches high should be aligned, with the aid of flags and twine, on each 
side of the road metalling, the distance between the two parallel 
walls being determined by the width of the road metalling. The con- 
struction of these walls should, in the former case, keep pace with the 
scarifying. In both cases they should be of the best clay obtainable, and 
well 4 )uddled, for they arc intended to prevcmt the new metal from spread- 
ing when being consolidated and walls of dry loose soil are ineffective. 

202. Just inside these walls the old road metal should be nicked to a 
width of about 2 inches and a depth of 3 inches to give the edges of 
the new metal a hold. To make these nicks heavy pick-axes arc used, but 
they should not be used for scarifying the road. For this purpose light 
6-inch picks, with an 18-inch handle, should be provided, and the coolies 
should sit and use them so that they cannot scarify the surface to a greater 
depth than is required to roughen it. Some officers like to dig up the old 
surface, allowing for this purpose the use of heavy pick-axes wielded by 
professional diggers working while standing up. This method breaks up 
the road and produces mud that works up through the new metal while 
it is being consolidated and, at the same time, reduces the effective thick- 
ness of the road. It is not recommended, except when re-surfacing has to 
be done. Other officers prefer to mark, or score, the road with diagonal 
patterns of nicks some 2 inches deep at intervals of 2 feet. Observation 
has shown that kankar roads renewed in this way w('ar in a peculiar man- 
ner, ridges being left where the diagonal nicks have been made, while 
the intervals between the ridges are worn down to the old surface. This 
does not always happen, but is very noticeable at times, and as the object 
of ronewing the road is to secure a compact and even wearing surface, this 
method of diagonal lines cannot be recon:^ended, nor can the use of small 
craters, at intervals of a yard apart, such as are produced by striking the 
surface here and there with the point of a pick-axe, nor again can a method 
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that was once in fashion, which is, to brush the old surface and lay the 
new metal on it. The two never join properly and occasionally the 
upper coat comes away in large pieces after a few months. 

203. When a length of 200 feet has been scarified, the operation of 

sprnn|lii^g the metal should begin. The metal from the spread-out stacks 
should be raked up into baskets, and not dragged into them by means of 
“ jD/iawra/ij.” It should then, if this is necessary, be dipped in water to 
wash off superfluous dirt and be thrown on th(^ road surface in front of 
the packers who proceed to. sort the kankar and hand-pack it, with the 
larger stuff below and the smallex. stuff above'-, arranging it all in a 
skilful way and according to the templates or provided for 

the work, and using light hammers where neci'ssary. This packing of 
the road metal is of importance! and care and attention should be given 
to its being properly done. The temjdak'S should be placed at 16-foot 
intervals and carefully levelled, so that they may indicate the true 
surface of th(‘ road. Sometimes cubes of wood of the*- right dimensions 
are used as gauges, one at the centre, one at Uie middle of each side, and 
one at each edge. 

204. As the packing proceeds so the construction of the clay walls 
and the scarifying of the road surfac(' j»roce<'d ahead of it. When 200 
feet of the packing has been done, consolidation is begun. These figures 
arc given on the basis of about 900 cubic feet of work being finished, in 
all respects, every day, or 200 running feet of a 12-foot road having a 
4-j^-inch coat. There will thus b<3 600 feet under operation on the third 
day, and if the work proceeds satisfactorily, the operations of scarifying, 
spreading and consolidation will not overlap, nor will the former get ahead 
unless the consolidation drags. Nor more than 660 feet should be under 
operation at any time. 

205. Plenty of water is needed for the consolidation, and for good 
work the number of r ammm ^s should never fall below 12 for a 9-foot 
road and 16 for a 12-foot road. Whenever possible, all the men should 
be experienced in this work, but if this is not possible, some should 
be so and the others should be taught. The gang of 16 men should, 
first of all, proceed to ram the edges of the new metal to a width of 
about two feet, and for this purpose they should divide into two lots of 
eight men and stand with their backs to the middle of the road, moving 
sideways up and dowp a short length of the road, and thoroughly con- 
solidating the margins of the coat of metal. There will be plenty of 
water here if the bhisties and coolies fetching water have poured 
Wough ov^ tbe surface of the road, for it ¥riU flow down to 
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tdges and ho held up by marginal walls of clay, and the gangs 
^ill be well plashed and will try to shirk ramming hard enough. As 
6oon as the edges have been sufficiently consolidated, the gangs should 
form two lines across the road at right angles to th<* ]irovious position 
and work up and down the portion of which the (^dg('s an*, nearly done 
and should ram both edges and centre and bc^at down the marginal clay 
walls, which should not be cut dowm by means of /^liavrahs.’^ The 
partial consolidation of the (‘,dges Ix'fore the centres is touched |)rev('nts 
the centre being beaten down flat, th(» edg(‘s and the clay walls form a 
support to the central metal and keep it from spre^ading and settling, 
which it will probably do if th(‘ ('dges are not ramni(*(l first. It also 
(aided by the 3-inch nick nd'erred to above) pr(^v(mts th<' breaking up of 
the edges that is to Ix' seen on roads on which the margins are insuffi- . 
ciently consolidated. 

206. No “binding’* or “ blinding ^is required for ordinary kankar 
roads, but some qualities of kankar require the after addition of some 
kankar “ hajri ” to finish off with, after the metal has been thoroughly 
rammed ; and it is found necessary, very occasionally, to finish off by 
pouring liquid clay over the consolidated surface. Top dressings of any 
suitable kind need not be objected to, provided the road metal has been 
thoroughly rammed before the dressing is put on. None should be 
allowed to be added at the discretion of a contractor. He should 
always take the orders of the engineer on this point. From time to 
time during consolidation, the top surface of the road should bo tested 
by means of a shaped teniplate, made to slope at 1 in 36 from ^he centre 
to the edges, to see that it is being finished to the correct camber. All mud 
should be washed off and the surface should bo firm and open and not a 
mixture of clay and kankar on which every who(d makes an impression. 

207. When the day’s work is done two lanterns should be placed at 
each of the barriers. The best form of lantern is a large box, with red 
cloth face and sides, in which a light is kept burning. Small hand-lan- 
terns are of no use. They give no light and their faces soon get covered 
with a smoky deposit. Very effective lights a re required, because motorists 
will not be able to see the special motor warning, and they need some- 
thiag more than a dim red lamp to give them warning that the road is up* 

208. As soon as the consolidation is finished and the road is thrown 

opett for traffic, work on the should be started. These should 

be finished off at a slope of 1 in 36 outwards in continuation of the slope 
ol the road surface. There will, sometiiries, fee difficulty in getting earth 
Irom tbe side drains, and occasionally it may be absolutely necessary t9 
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rlcf(^r the execution of part of the work for a time, but, a rule, it can 
Ik*, done as soon as the consolidation is finished. If this is impracticalde. 
a strip of “y>a<n” two feet wide adjoining the edges of tli(‘ metal can be 
made up as soon as the adjacent portion of the road is opiuied to traflic, 
and the rest can be conij»leted laUT. 


209. All holes and channels in the slopes of embankments should be, 
filled in, the earth being well Ix^aten down and dresscMi oft’ neatly. All 
clods in the jxdru should be broken and the surface shmdd be rammed 
and smoothly dressed. A template, twiii<‘ and peg<, or flags, will he 
required for this work, which should be neatly done. ^ Excavation for the 
earth that is required should be made in the ditch<‘s at the roa^l boundary 
which should be dug evenly in the direction of th(*ir length, tlu* Ti-foot 
cross-bars between 50-foot borrow-pits, wher(‘ thes(*, (*xist, being hd’t 
undisturbed ; but the formation of such borrow-pits should he avoided 
altogether in the neighbourhood of inhabited areas, when' no excavation 
should be made that cannot be drained. No earth should be dug whithin 
five feet of a tree, milestone, furlong post, or boundary pillar, or any 
masonry work. 

210. When traffic is allowed on the newly-consolidated portion of a 
road, great care must be taken to k(;ep it spread ov(u* the road, for if it 
keeps on one track, ruts will certainly form. Tins diversion of traffic 
should, when necessary, be caused by spreading a little tine “ hajri ” in 
the places where the ruts show signs of forming and by brushing the road 
surface from time to time. See also paragraph 259. 


211. The cost of kankar consolidation dejumds on the price of labour 
and on the distance water has to be brought. For ordinary work it will 
be somewhat as follows : — 


olid^ttion of cubic feet daily^ 

tis. 

a. 

P* 

4 beldars at 3 annas scarifying surface, ... 

... 0 

12 

0 

2 bhisties at 3^ annas making clay walls, ... 

.. 0 

6 

6 

4beldar8at3 ditto, 

... 0 

12 

0 

1 coolie at U dittO) 

... 0 

1 

6 

2 beldars at 3i annas carrying and spreading, 

... 0 

6 

6 

6 coolies at 2i ditto, 

... 0 

15 

0 

5 coolies at 2 ditto, 

*•1 0 

10 

0 

2 mates at 6 annas ramming, 

*t. 0 

12 

0 

16 beldars at 3i annas do., «.. 

... 3 

4 

0 

6 bhisties at 3i annas, ... ... ... 

... 1 

3 

6 

4 ohattkidars at 3 annas, ••• ... 

4.« 0 

12 

0 

Kerosiue oil) etc., ••• 

... 1 

5 

0 

Total 

... 11 

4 

"o 

Hate for 100 tmUc feet, 

... T 


0 
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Nine hundred cubic foet represent 200 feet of a 12*foot road with a coat 
of metal four and-a-half inches thick. 

212. The renewal of ^^patris” is generally estimated at Rs. 40 per 
mile which, if the earthwork is taken at Rs. 4 a thousand cubic feet as 
an all over rate, including dressing and patching, represents 10,000 cubic 
feet per mile or 5,000 cubic feet for each “ patri” a larger figure than 
is necessary in most cases, now that roads arc made with a proper slope 
of 1 in 36 for drainage instead of having their earthen shoulders or 
“ paAria ” brought up level with the road metal — a system that choked 
the surface drainage and ruined the road. It would probably bo sufficient 
to allow Rs. 20 or Rs. 25 per mile where ^^patris ” are to be renewed in 
connection with a 4^-inch renewal eost ; but no provision for this work is 
necessary in the case of a new road, for the item “ Earthwork ” should 
include all that is necessary. 



CHAPTER VIIT. 


STONE COLLECTION AND CONSOLIDATION. 

213. Stone may be obtained from regular quarries worked by Gov- 
ernment or by contractors as in Bundelkhand, or near Agra, or Mirzapur, 
in the United Provinces, or from the beds of mountain torrents where 
boulders are to be found, as at Hardwar, or from places in the hills 
where limestone can be obtained, as on the road up to Naini Tal. These 
limestone blocks are usually taken from the bed of a sti^eam near the 
road and broken on the road side, and the road metal thus obtained 
makes an excellent road for light traffic. River boulders of quartzite 
or sandstone do not break into such good metal as limestone yields. The 
boulders are round and smooth, and are not always to be had of large 
size, and one surface of nearly every bit of broken stone is smooth and 
rounded and difficult to consolidate. Boulders which are intended for 
road metal need to be carefully chosen and small ones should not be 
taken where those of larger size are obtainable. 

214. The regular stone quarries of Mirzapur usually produce sand- 
stone, but there are in Bundelkhand a few granite quarries that promise 
well. In some part«r of India trap is obtainable. This is recognized as 
being . the Ix^st for stones for road work for trap, which includes basalts 
and whinstoiie, is very comj)act and elastic has a high resistance to crush- 
ing without being brittle, and its dust usually has good cementing pro- 
perties. Granites follow as next in value. They vary greatly and, as a 
rule, arc not very excellent road stones, for the quartz and felspar in them 
are brittle and the latter is easily decomposed, producing sand aild clay. 
Granites without mica offer great resistance to wear and those which are 
free from quartz arc the best for road work. These go by the name of 
syenite. Limestones are usually deficient in hardness and toughness, 
but possess cementing power. Those which are not crystalline are the 
best for road work. Oystalline limestones are not always satisfactory. 
Sandstones are, as a rule, unsatisfactory, for they are easily pulverized 
and have but little cementing power. Quartzite rocks, though useful 
sometimes, are often as bad as sandstone. They were originally sand, 
changed into a compact mass by pressure. Quartz when found in large 
veins sometimes makes a fair road metal, for it is hard and breaks with 
sharp edges; but it readily crushes into powder,, being brittle, and has 
no binding power. 

215. Whatever may be the disqualifications of the several kinds of 
stones here mentioned one, or another, has to be used just bec^nse it is 
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not posisible to get anything bettor locally and as the traffic on Indian roads 
Is oomparatively light, thoy wear tolerably well if the roads are properly 
looked after, bnt the hot dry climate of Upper India Is against stone 
roads which “ ravel,” or loosen, on the surface, unless they can be watered 
regularly and this is practically impossible except on hill roads and in 
towns. The limestone road from Kathgodam to Naini Tal is watered daily 
in the dry weather and provides a surface that is satisfactory in every way 
for light traffic, Roads on the plains which cannot be watered dally 
break up very easily in the summer months, unless damp clay from the 
side ditches is spread lightly over them. Those in towns are often over- 
watered, 

216. For nse as ‘‘binding” disintegrated rock or is gene* 

rally used. Limestone bajri makes good binding material. Sandstone 
bajri does not, nor does sand. Occasionally a top dressing of kankar Is 
used as binding and in parts of India “ moorum ” is spread on the rolled 
road. This is integrated trap and is sometimes used for making 
a road as stone or kankar is used, 

217. The chief matter to attend to after once the quarry has been 
chosen, and the kind of stone that is to be used has been decided on is the 
size of the stone metal that the contractor should supply. Consi- 
deration of the matter will show that tough hard stone must be broken 
smaller than softer stone, if the same roller is to be used for both, and 
that for a given kind of stone, small stone will give a smoother road, but 
not necessarily a stronger one than large stone. The specifications of the 
United Provinces require that the stone metal should bo one and-a-half 
inches in size* and the stone should l>c uniform in size and quality, 

218. The Rond Board (of England) specification says:-— ^‘The 
roadstonc is to he clean and free from all extraneous matter, of 
approved quality broken as cuhically as possible and for normal traffic 
should comply wiih the British Engineering Standard “t /ommittee’s- 
standard for 2-inch stone. Where the roa<l has to carry heavy axle loads,' 
it is «losirabl(* tha^ the size of soft stones, such as limestdnie, should be slightly 
increased. Broken stone specified as 2-inch gauge shall all passthrough a 
2-inch ring and shall consist of Ihe following percentages by weight ; — Not 
more than 15 per cent, passing through a 1 ^-inch ring in every direction, not 
less than 65 per cent, over 1^ inches and not exceeding two and-a-half 
inches in greatest lengtkhy measurement, not more than 20 per cent, over 
two and-a-half inches in greatest length. The screenings obtained by the 
use of a |-inch rod screen during the process of breaking should be kept 
separate and used as a top dressing during rolling operations,” 



STONE COLLECTION AND CONSOLIDATION. 


89 


219. The cost of working quarries and the operation of quarrying 
are matters that are beyond the scope of this Manual. Interesting 
particulars of the work as done in England will be found in ‘‘Road- 
making and Maintenance” by Thomas Aitken. Where stone is collected 
by hand in India and coolies are paid a daily wage of two annas for 
collecting and four aiinas for breaking, the rates will depend on the lead 
and on the daily task. Three sjx^ciinen rate lists based on the Military 
Works Handbook arc given below which do not include carriages by road 
and stacking at roadside : — 

Ks a. p. 

(a) S coolies collecting 100 c. i. at 2 aiHias. ... ... ... 10 0 

14 coolies breaking 100 c. t. at 4 annas, ... ... 3 $ 0 

Mate and munslii, ... ... ... ... .. 0 8 0 

Jlaskets and rope, ... ... .• ... ... 0 4 0 

( * 08 t of 1 00 cubic feet, ... ... ... ... 5 4 0 

(fa) 4 coolies collecting 100 c. f. at 2 annas, 

12 coolies breaking 100 c. f. at 4 annas, 

Mate and munshi, ... •«. 

Baskets and rope, ... 

f 

Cost of 100 cubic feet, 

(r) 5 coolies collecting 100 c. f.,at 2 annas, 

11 coolies breaking 100 c. f. at 4 annas, 

Mate and Munshi, ... 

Baskets and rope, ... 

Cost of 100 cubic feet, 

For carriage, stacking, etc., the paragraphs on kankar collection should be referred to. 

220. The cost of consolidation of stone varies with the locality, the 
quality of the stone, the water-supply, the means (employed for consolida- 
tion. It is about double the rate for kankar consolidation. 

221. There an* two tyjies of .«stone-cnishers now in common use of 
which the older form, known as Blake’s after the original inventor, was 
essentially an oscillatory crusher, no attempt being made to cube the 
material. Various improvements wTre made from tiin(^ to time, and the 
machine which is now extensively used, and which has proved satisfactory 
in regard to breaking capacity, quality of material ])rodnced, and 
economical working, ^ is that made by Mr. W. H. Baxter of Leeds. 
Various sizes are made. One most often used is a 16-inch by 9 inch 
machine breaking 60 to 80 tons per day. The stone is fed in at the top 
find broken between two reciprocating jaws actuated by v('ry 9tro^ 

w 


.*> 


0 

S 

0 

... 

... 

3 

0 

0 

••• 


0 

8 

0 

••4 

... 

0 

4 

0 

*•* 

.»• 

4 

4 

0 


1 1 • 

0 

10 

0 

... 

... 

2 

12 

0 

... 

... 

0 

8 

0 


... 

0 

i 

0 
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machinery driven by an engine of about eiglit nominal horse power. The 
roller can be supplied on a movable frame on wheels, with an elevator, 
cylindrical screens for separating the broken stones into various sizes, 
and a delivery shoot. 

222. Another form of stone-crusher is known as ‘‘ Gates' Gyratory 
Rock and Ore crusher.” Its mechanism is such that a crushing cone fitted 
on to a vertical main shaft with a certain amount of eccentricity impinges 
during its gyrations against the material to be broken and also approache>s 
and recedes from, the sides of a strong casting in the shape of an inverted 
bell into which the material is fed, and between which and the cone it is 
crushed. 

223 . Codrington in “ The Maintojiancc^ of Macadamized Roads ” 
says that a good stone-breaker will break from (jiiarried stone two cubic 
yards of hard limestone of the ordinary gauge in one day and some men 
will break more. Hard siliceous stones and igiu'ous rocks can only be 
broken at the rate of one to one and-a-half cubic yard in a day. Of some 
of the toughest, such as Guernsey granite, a man can break on an average 
only half a cubic yard a day. River gravel, field-stone, or flints, which 
are already of a small size, can be broken at the rate of three or four 
cubic yards a day. 

224. Such a large quantity cannot be taken as the daily task of an 
Indian stone-breaker, who may pcrhai)s break 7 to 10 cubic feet in a day 
from stones or boulders that can be handled. 

225. Hoad stones are tested in several ways and though the real test 
is the way in which the stone wears when used in a road, laboratory 
tests help to distinguish between those stones tliat may prove useful and 
those that will not. 

226. One test is for abrasion. The b(*st machine for this is one 
designed by Mr. do Oourcy Meade and used by Mr. Lovegrove, Engineer 
to the Hornsey District Council, in an exhaustive series of tests on road 
stones. Tliis is a rotary machine of three cylinders, each about one foot 
in diameter, with three one-inch angle-iron ribs arranged lengthwise in 
each cylinder. The stones are weighed dry, the same weight of each being 
put into the cylinders, and subjected to 8,000 revolutions at a speed of 
20 revolutions per minute, after which they are again weighed, as well as 
the chips and dust produced by their abrasion. The same test is made 
with wet stones, half a gallon of water being put intp each cylinder with 
the stones which are again weighed, when dry, after the test. A 
Somewhat similar machine known as the Doval machine is used in 
ISraoMt 
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827. Specific gravity can be determiaefi iq a simple manner by 
means of Walker’s balance, In the sketch — > 

Fig 44 , 



A 18 a steel bar, B is a rest in which A is supported on p knife-edge, 
about throe inches from one end, and from this knife-odgo to the other 
end, A is graduated into tenths of an inch. On the shorter arm is a 
movable weight C which can be placed at any suitable distance from the 
knife-odgo. A loop in D checks undue swinging and a mark on D indi- 
cates the correct horizontal position. The sample to be tested is moved 
along the longer arm and, when it exactly counterbalances, the weight 0, 

its distance from the knife-edge is noted. Leaving the weight C in its 

original position, the sample is completely immersed in a glass of water, 

no air bubbles being allowed to remain on it, and the distance /; at w^hich 

it now balances r is noted. As the specific gravity 6 is the weight of 
the sample in air divided by the difference of the weights in air and 
water, it follows that — 



228, The absorptive properties of a stone can be measured by the 
same balance. The sample is first balanced by the counterpoise in any 
convenient position, the distance a being read off. It is then soaked in 
water for 24 hours and wiped clear of all superfluous moisture. Being 
heavier than before, it balances nearer the fulcrum, say, at a distance b. 
If is the unknown weight of the sample, ?/ the weight of absorbed water 

whence that is, the ratio of the weight of absorbed 

water to the weight of the substance. The percentage of absorption is 

represented by 100 , so if equals, say, the absorption is 5 

per cent., and so on. 

229, SouK' engineers lay great stress on the cementing powers of a 

stone, which they test by wetting stone dust with water and moulding it 
into a short cylinder which after being dried is subjected to the blows of 
a dropping weight. Experiments show that quartzites, granite, gneiss, 
and marble possess v('ry little cementing power, taking only two or three 
blows to break the briquette, limestones and some trap roCks give a 
briquette which will stand IlO or 40 blows, while other trap rocks 
very variable results, ' - / . . i 
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280. It is necessary to bear in mind the particular use to which a 
stone is to be put before its properties are approved, or condemned, for 
a stone which might not do for use ns paving setts might still be of 
great service when broken up as macadam, or when used in a foundation 
course, as in Telford’s system. Other stones which lack binding 
properties may ho used on occasion, with advantage, in conjunction with 
some other material, such as loam or chalk. Durability depends partly 
on resistance to chemical decomposition, and partly on resistance to 
meclianical abrasion, and microscopical methods of examination are now 
much used to ascertain the composition of roadstones, but mineralogical 
composition alone will not determine the snitabilitv of a stone, for it will 
sometimes ha|)|)en that a very hard and durable stone cannot be used 
for paving purposes, because it wears smooth and slippery. Durability 
again does not always depend on chemical composition. Flint, for 
example, is chemically very stable, but it is also very brittle. 

iSl. In the days of Telford and Mac^idam steam-rollers were 
unknown and the consolidation of stone was done by the carts, carriages, 
and horses that i>assod over it. Macadam held that under the influence 
of the tr affic stones would unite by their own angles without the addition 
of auy binding material, the ruts being raked in as the i)rocess of 
consolidation bv traffic proceeded, but, tliough no binding was used, it was 
found that roads made in this way contained 20 pc^r c(mt. to 25 per cent, 
of the whole coat in the form of muddy cemmiting mutter, which must 
have b03U due to the wear of the stones during the process of consolidation, 
and the road-washings and scrapings which had worked into the voids of 
the coat of metal. 

232 . This being so it may be argued that it would be advisable to 
add some binding material to start with instead of lotting it be formed 
by the gradual wear of the stones and this is done by some engineers, but, 
as a matter of fact, a perfectly consolidated road can be made with very 
little detritus in it, a road, too, that lasts better than one that contains 
a large quantity of so-called binding material. The T^olidity of a road 
depends chiefly on the quantity of stone it contains and the closeness 
with which it is packed and this solidity is diminished rather than in- 
creased by the presence of much small material, 

233 . The proper way to consolidate stone is to pack it well, to wet 
it thoroughly, and roll it thoroughly with a roller of the proper weight, 
and then to add a binding coat, say, one-third of an inch in thickness, 
just to fill up the surface interstices. There should be no binding 
material (paragraph 216 ) put in the body of the road. In the United 
Fhmaoes the term ‘‘ blinding ” is used in referring to what is usually 
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called “binding/’ Both words ere misleading, for “ blinding ” might 
imply the hiding away of inferior work under a thick coat of small stuiff, 
while “binding” may lead to the. idea that the individual stones in a 
road are to be imbedded in a matrix of small material, whereas they 
should be compressed into as solid a mass as possible, each stone inter- 
locking into others by. its angles, before ever the binding is ])ut on to 
the surface of the road. By adding the binding to the surface only, a 
nearly impermeable crust is produced, and, with a proper cross-section, it 
should let very little water through to the sub-soil, 

234. These remarks refer to roads made of clean, hard, angular 
stone broken as cubieally as possible from large stone, but if grav<d and 
shingle are used in road work, no amount of rolling will bind them and 
some loamy material must be adcled Ix^foro consolidation. 

235. Sometimes stone roads are consolidated in India in dry weather, 
but this is a mistake. Plenty of water Indps the angular stones to 
interlock, without that wear on the corners that dry rolling produces and, 
from what has beem said above, it follows that a road roll(‘d when 
thoroughly wet is a far better road than one that is rolled dry, for the 
latter will contain the d(‘tritus that should be avoided. If plenty of 
water is availabe, and is used, the objection to rolling a road in dry 
weather is reduced, but not entirely r(nnov(‘d, for wat(5r evaporates very 
quickly in dry w(‘atlier in Tiidia, whereas during the monsoon the air 
is of full moisture. There will lx* some d(dritus ev(m in a road that is 
rolled wet, es[)ecially if the road metal is soft and the roller is heavy, 
but then' should not be much if the stoiK' is hard and projx'rly broken. 
Sometimes watering can lx* overdone as in th<^ case* of a n(‘w road which 
is not on a v(*rv firm bank and in such cases dry rolling, with a light 
roller, is advisable to begin with, or the stone will sink into the bank, as 
th(^ water softens it. 

236. The specifications of the United Provinces require that the old 
surface of a stone road should he scarifie d, to a ueptli of one inch to one 
and-a-half iiicIk's, Ix'fore the stone of the m^w coat is s}*read, and also 
that no water is to be usc'd wln'ii the ik'w metsil is being rolled until 
the pieces of metal have become sufficiently crowdcxl togetlu'r as not to lie 
displaced by the roller. The need for digging uj) tlu^ old road is not 
apparent. In the case of kankar roads it was nunarked that if the old 
surface is nicked with diagonal lines, the new coat wears into low ridges, 
with portions of the old surface exposed in the spaces l>otw^e4'n the 
diagonal lines ; but this does not happ<‘n in the case of a stone road, in 
re-coating which it is sufficient to mend the old surface, if this is not 
bej'ond repairs, and to cross-nick it. Sometimes in India it is found 
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that tha old surface is beyond repairs, and in such cases the old stuff must 
be removed to a depth of inches, or more, but, more often than not, 
repairing, cleaning, nicking and wetting the old surface will be enougbt 
When, however, a specification says that the old surface is to be dug up 
the speoifloation should be follow^ed. That deep scarifying is often used 
is clear from the fact that mechanical scarifiers arc provided with steam 
rollers, but the writer considers that their use should bo limited to roads 
which are to bo re-surfaced, 

237. Then, as to watering, it follows that if the argument sot out 
above is true, viz., that there should be as little small stuff in the body 
of the road as possible, harm is done hj heavily rolling the metal when 
it is dry. Notice how a stack of dry stone wears when compressed by 
anything heavy passing over it. The corners of the individual stones in 
the stack break off and are ground into small stuff. This does not 
happen to the same extent when the metal is being rolled wet, and 
though, as remarked above, there will always be some small stuff in a 
stone road when it is rolled wot there will bo more if it is rolled dry, 
it is desirable to have as little as possible. Therefore, the road sliould 
not be rolled dry with a heavy roller. 

238. It should, however, be stated that there are engineers who 
specify dry rolling. For instance, the English Hoad Board specification 
requires that “ no water or binding should be applied until dry rolling 
has been carried out to a sufficient extent to form a smooth hard surface 
with the correct cross-fall with the stones W(dl knit together and presenting 
a mosaic surface.” And this systiun is followed in the United Provinces. 

239. As regards the general arrangenumts to bo made for road 
consolidation, for execution of the earthwork and for lights and danger 
warnings, the article on kankar consolidation should be roferreil to. A 
steam roller and arrangements for working it are advised for a stone 
road, but often the consolidation may have to bo done by means of rollers, 
iron or stone, drawn by cattle or by men. 

240. Steam rollers are of various weights and sizes. A 15- ton roller 
with 18-inch driving wheels and weighing Ifi^ tons, when in working order 
with scarifier attached, will give an inch width pressure of nearly 5^ 
cwts., a 12-ton roller weighing 13 tons when in working order, and 
having driving wluMds 17 inches wide, will give an inch width pressure 
of 4^ cwts., and a 10-ton roller with 16-inch driving wheels, and wcigliing 
10| tons in working order, will give an inch width pressure of nearly 
4 cwts. Carts, motor lorries and traction engines will bring a greater 
pressure on to a road ; nevertheless experience shows that good work is 



STONE COLLECTION AND CONSOLIDATION. 




(lone, in tlu* cas(i of soft material such as liiiiestuiie, by a light roller of 7 
to 10 tons, while hard and tough igneous rocks give the best results with 
a heavy roller of 15 tons, which should not, however, be ustid on soft 
and yielding road beds. Some counties in England, which can afford it, 
have a sori(\s of rollers of different weights as a 15-ton roller for roads 
in county districts where there arc no und(‘rground pipes to damage, one 
of 10 tons for city us(‘ to avoid damage to pipes and for repairing 
patches, and a light roller of 6 tons for stc-ep gradients and light work 
generally, and Mr. Pickering the Borough Engineer of C^ladbuihain, 
has designed, for i>atcliing ])urpos(‘S, a steam roller and water tank com- 
bined which is referred to in th<‘ chapter on maintenance, tbnipoiiiid 
rollers cost niori' than single eyliiid(U' rollers, but an' mori‘ economical in fuel 
and water consumption, are less noisy and (iasi(T to handle, and last longer. 

241. When the road surface has been j^repan'd, the* stoiK' metal 
should be s preatL on it and closely i)acked by hand. If th(i road is a 
new one, with a foimdaliun course, this course will l)e laid first on the 
new road bed which has been properly shaped and rolled or rammed. It 
may not b(‘ possible to roll it witli^ the heavy roller, as the soil may be 
couij)ressible, but light rollers of stone or iron may be available, failing 
which the road bed, or sub-grade, can be well rammed. The foundation, 
consisting of large stones hand-packed as in a Telford road, or of stones 
of 3-inch or 4-inch cul)es or brickbats, would then be laid, the depth de» 
pending on the class of road and the amount of traffic likely to bo 
carried. Bricks laid flat move easily and do not make a sound road bed 
for heavy traffic. This fo\ mdatio n course, or soiling, or bottoming sliould 
be rolled dry or rajmned, if the soil will not stand rolling, and its surface 
should be brought to a regular and imiforin contour. 

242. Soinc^ongineors lay on this foundation course a layer of sharp 
clean saud or fine graved, inches to 2 inches thick, to receive the top 
liietal, having previously treated the foundation courses to a blinding of 
sand or gravel well brushed into the joints during the final stages of 
ite consolidation. The object of this layer of sand or gravel is to prevent 
the inctul coating especially if it is not very thick, from being (crushed 
between the foundation course and the traffic. This is not rccommeded* 
Modern practice accepts the system of a well compacted foundation, 
supporting the upper coat without iiiovemcnt, a method which cannot be 
assured if a cushion of sand is introduced above the foundation. This is, 
however, used in brick and wood pavements. 

243. The layer of stone 4^ inches thick should be packed over the 
foundation, wetted and rolled and finished with binding. The second 
coat o£ iuches should bo hid over tUo lust uud woUod uud ruUtd^aiul 
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finished in the same way. In the case of an old road there, would he one 
4^ -inch new coat only which would be laid on the old surface after this 
had been cleaned, patched, nicked and W(‘tted ; but if the idea was to 
re-surfacc with a 3-inch coat, it would be necessary to dig uj) the old 
surface to a depth of 1^ incluvs (or inon*, if this was indicated as advisable) 
to separate the (ixeavated material into what w^as obviously useless (except, 
perhaps, after screening, for us(‘ as binding) and what could be usefully 
mix(‘.d with the metal collected for the n'-surfacing, and then to spread the 
metal. 

244. The construction of the side walls of clay, tin* sj)reading of 
the metal and its consolidation wxmld proceed in sequcnice as indicated 
under kankar consolidation and should be so arrang<‘d as to avoid over- 
lapping or delay. Th<' quantity of work to b(‘ doiu' daily will depend on 
the work itself, that is, whether it is n(‘\v work, or renew^al, or re-surfac- 
ing, on the nature of the road metal, on the eas(' with which water can 
be procured, on the interruptions caused by ]>assing traffic, on the rolh'r 
used, and on the gradient. Messrs. Aveling and Porter estimate 1,000 
to 2,000 square yards of an ordinary coat as likely to rolled in one 
day and this should cover the majority of cases, and if the former figure 
is taken as the day’s work, 750 feet of a 4i-inoh coat on a 12-foot road can 
be rolled in one day. It w'ould be easy, therefore, to do a furlong a day, 
hut] lo allow for accid(mtal delays, 10 days might be taken for each mile. 
More than this can be done with proper arrangements and good super- 
vision as, on the other hand, less can be accomplisluid and not done well. 

245. If a 15-ton roller is used, the driving wliecds of which are 4^ 
feet apart and 18 inches wide and the front wheel 4^ feet wide, the roller 
can do half the width of the 12-foot road in one trij), and if it travels 14 
miles in a day of 7 hours at 2 miles an hour, it will roll a J’urlong 56 times. 
During this time the driving wheels wdll hav(i gone over the whole surface 
about 24 times. Their pressure on the road is about 5 cw l. per inch width 
or about double that of the front rollers. The 4-^-inch coat of metal will, 
if work proceeds at this rate, have to bo spread at the rate of a furlong a 
day, and the road surface must be nicked at this rate, the building of the 
aide walls of clay keeping pace with this work. Larger labour gangs arc, 
therefore, wanted than are needed for kankar consolidation. 

246. Consolidation is effected by watering the new coat of metal 
thoroughly and taking the roller over it as often as is necessary to 
compact the stone. In the case of a mew road, water is used sparingly 
at first to prevent the softening of the sub-soil. Wherever this is 
possible, water should be applied through sprinklers from proper water 
Qart|. Ib^ rolling sbonU begin at the oilge of the rond, 
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moving up along thisi edge and roturning on tho othrr, and during oach 
succeeding trip the edge of the strip })revioiisly covered by the driying 
wheels should be overlapped, while another strip nearer the middle of the 
road is covered. The rolling thus proceeds gradually from both sides 
towards the centre. Jt should be continued until the stone ceases to 
creep in front of the roller and is firm under foot as one walks over it, 
and smooth and looking like an encaustic pavememt, and until the stones 
adjacent to where the foot presses as one walks do not move. The 
binding may then be spread over th(5 surface in a lay(*r about one-third 
of an inch thick, and well watered through a spray% and the rolling 
should be continued until the whole surftace is thoroughly compact. Any 
surplus binding material not incorjmrated with tlu* road must then b(i 
swept off. 

247. It is not always possible to obtain a steam roller for the work of 
consolidation. A few years ago stone rollers were used which were, 
perhaps, 4 f(*et in diameter and H feet long, giving a j)rcssur(' of 188 of lbs. 
per inch-width which could be raised to 210 lbs. when the frame was 
loaded, but their place has been taken by iron rollers of the above 
dimensions, Tlu^se weigh 2 to|is and give an inch-width pressure of 
124 lbs. when unloaded, and of 228 lbs. when fitted with scrap increasing 
to 310 lbs. wh(*n the frame is loaded. Other pattt^rns arc also available. 
They can be drawn by cattle, or by men, and they are not nearly as 
efficient as steam rollers, taking much longer over the work aqd not 
doing it so well. Owing partly to the time talum in consolidating a 
road, with the consequent need for letting the traffic on to it lu'fon* it is 
ready, the binding is put on too soon, the traffic disturbs th(‘ surface of 
the road, the roller gom over it again, there is more binding added from 
time to time, and in the end the road is not a thorougldy compacted mass 
of stone with a surface completed with binding material, but an accumula- 
tion of stone in a wsetting of binding and, therefore, not a good road. 

248. In France iron rollers G feet in diameters and 5 feet long, weigh- 
ing 3 tons when empty, 6 tons when full, and 9 tons when loadcMl, are 
sometimes used, and it is said that 8 to 10 rollings are sufficient with a 
4^inch coat, 2 or 3 rollings dry with the roller emjity, 2 or 3 rollings 
with blindage and water and with an empty roller, 2 or 3 rollings with 
the full roller, and one or two about a week or 10 days after the road is 
opened to traffic. This light consolidation appears insufficient for good 
work. There is no doubt that a road can be made to look as if it wore 
consolidated even when tlie work done is insufficient, and when steam 
rollers were first used in Central India, progress at the rate of a mile a 
day was not unknown, but good sound work cannot bo expectedi except 
vrben it its slowly and tboroogbly done, 
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Road Maintenance. 

249. To iTiaintiiin a road in good order it must not only lie renewed, 
.or-sur£aced, or have the rust in its surface tilled at varying intervals, 
but it must also be pateluMl continuouslj^ In the early dayvS of modern 
road-making continuous patching was not done and roads, l)adly mad(‘< 
and indifferently r(‘i)aired, were never satisfactorily maintained, and it 
was not till the end of tlio l^th century that a |)roj>er system of repairs 
was introduced, 

250. The renewal or re-surfacing of th(‘ road surface has Ymm 
consider(‘d in an earli(‘r chapter. Fatcliwork is now d(»alt with. As 
the road surface deteriorates from month to month, under the wearing 
action of the traffic and the weather, it has to lx* jjatched to ke(^j) it 
from going to pieces a]togeth(?r, and the sooner holes are mended the 
better it is for the road. Prevention of damage is tlie secn^t of success. 
It is bad economy to let the surface of the. road remain lU'glected, for 
hole§ not only colh'ct water which causes extra wear in them, in addition 
to damage to the undercoat, but they are the cause of increased con- 
cussions which inconvenience the travelling public and damage the road. 

251. The road (uigiiieer in India cannot ])revent all kinds of 
Vehicles with all kinds of tyres coming on to roads, except in the case 
of heavy motor traffic which is regulated by law, and he v ill find damage 
done by narrow tyres fitted on small wheels of heavily loaded carts, or by 
wheels , that wol)ble as they roll. He will not, however, find his road 
called upon, at present, except, perhajis, in l^residency towns, to carry 
anything like the traffic that ivS carried by many roads in England, and 
what he needs, in order to maintain the surface in good order under 
present conditions, is good consolidation of good materials followed by 
continuous effective patching as soon as this becomes necessary. 

252. For the work of patching a sufficient supply of kaukar, or 
stone, is reepired, and gangs of beldars known as “ naukar coolies ” or 
“ hdramaHU,^^ under a head coolie, or a mate, with digging tools, rammers^ 
water carts, etc. The supply of road metal for each mile of road will 
depend on its condition and should be carefully considered before the 
metal is collected, Cor otherwise it will happen that there will be more 
metal ill some places than is needed, and less in others, and the road 
gang will waste time in carting materials from one place to another 
The road metal must be clean and hard and broken to a size of to 2 

as specified under coUectioui and it should be stacked on carthcQ 
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built oflE the travelling surface of the roatl, in stacks which 
may measure 5 font average width by 13 inches in height. These stacks 
may be marked, at 5-.foot intervals along their length, with 3-inch bands 
of white wash, after they have been paid for. These bands enable an 
inspecting officer to see how much material remains on the road and at the 
same time to differentiate between material that has Ixum, and that 
remains to bo, jiaid for. (Stacks of metal that have not l)e(‘n jxaid for 
sliould not bo drawn upon for use as r(‘pair metal. 

253. The road gangs should consist of a mate, or a head coolie, 
and 8 or 10 coo]i(‘s, and their work should extend ovc'r 8 or 10 mih*s. 
Smaller gangs should not, as a rule, ho kej>i on the road. Each gang 
should have a light hand-cart for nudal, a small haiul-cart for water, 
picks, rammers, phanrahs,'' bunplates, flags, hammers, bask(‘ts, twiiu* 
4 nd iron pegs, and anything ols(^ that th(‘ particular work in hand may 
need. Sometimes two water carts aro recjuircMl, if the water-supjdy is 
at any distance, of which one may b<* a barn*! on wh(*els, or .a galvanized 
tank on wheels. This would hav(‘ straight shafts and a tap. The 
smaller water cart might bean <*mpty oil drum or |)aint drum, swivell(*d 
oil to, and n‘inoval)le from, a wheeled iron franu* with two legs and wdth 
handles like those of a perambulator. This hand water-cart can be 
moved about by one man, the l)arr<*l can ho rested on (Ik* ground and th(^ 
fraiiK'work removc'd, but it is not essential to (lie work for any liglit water 
cart will do. Th(' t(Mn[)la((‘s arc* re<juir('d for elieekiiig tile (*ross-sloj)e of 
the road, esp('cially wIk*!! lh(* ” are und(*r r(‘pair when tin* twine 

and j)ogsar(* also re(|ulred in order to secun* an <*ven edging (o tln^ new 
(‘arthwork. 

2.54. The duti<\s of the mab* and coolies are to do all necessary r(*pairs, 
to see that drainage is not obstrueted, that the road is kc^pt fr(*e for 
traffic, including the lopping of ovf'rlianging l)ran(*lK's of (n*es, that W(»eds 
and plants do not grow in the joints of masonry eiilv(*rts, (‘tc., and to 
follow any special din^ctions givcm in the ?riat(*^()rderJ)ook. See also 
paragrajdis 2ti() to 2(13. The mate sliould report all damage that cannot be 
put riglit by tin? gang and all acci(l<*iits that afF(*ct th(‘ roa<b Ide. should 
k('ep, in a tin case, a muster roll in tin* form piv'scribed for us(^ on roads, 
and should post it up daily in ink, and he should always have this with 
him, as well as a match’s order book. This is a strongly bound blank 
book in which the sub-divisional office! records in half-margin such 
directions as ‘‘ Repair the roa<l surface in miles 2, 3, 4.” ‘‘ ( Jut dpv^i| 

patris in mile 4 to the proptn* slope of one inch in three f(»et.’' ‘‘ life’ 
pyerhanging branches to a height of 10 feet in mile 3.” 
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255. The sub-ovor9<‘pr should see that these orders are carried out 
and should enter a remark in the order book recording their oompletion. 
Ordinarily he gives no orders, for the sub-divisional officer should enter 
enough for the gang to work at till his next visit, but occasion may arise 
which requires him to take action when he should record his directions, 
and the fact of their having been carried out, in the mate’s order book. 
This system is not always followed. Somo officers say that the sub- 
ovorsocr should never o*ive anv orders, others require him to give all 
orders, and do not supply the order book to mates, but require the sub- 
overseer to keep two note-books, one of which is sent weekly to the sub- 
divisional officer to enable him to see what is being done. Experience 
shows that the mate’s order book system works well in practice, if the 
sub-divisional officer gives sufficient and clear .instructions, 

256. As soon as a hollow is noticed in the road surface, it should be 
filled up. Hollows are usually oval in plan. Patchj‘s are generally 
rectangular. This means that they are either too large or too small. 
There is really no reason why they should not be of the same shape as the 
worn portion. This is recommended by Oodrington in “ Road Maintenance,” 

257. They are generally made three inches d(‘ep. There is no reason 
why they should not be two inches deep, or less, if the traffic is light and 
the hollow is not deep. When the excavation for the patch is ready, 
it should be filled with clean metal, any serviceable material that counts 
from the patch being added, but not stuff of which the corners have become 
ronndr‘.d. Th(‘ surface of the. filling should be high(»r than the road sur- 
face. The filling should be rammed with a sufficiency of water and in 
the case of kankar no binding of any kind should be added, but with 
stone metal screenings of the stone should be added before the remming 
is finished. The pat<di should he kept wet for a day and may ho covered 
with damp leaves to secure this when the weather is very dry. Wlieri 
the consolidation is finished, the surface of the filling should he hwel with 
the surface of the road, 

258. The ordinary road-roller is not suitable for patchwork, but 
Mr. J. S. Pickering, ivf.r.c.E., Borough Engineer of Cheltenham, has 
desigiK' 1 a steam roller .and water tank combined which has proved to be 
a success in th(‘ sysbunatic patching of macadamized roads. It carriers a 
water tank of 200 gallons capacity the top of which is formed into an iron 
box in which cast-iron blocks are placed to enabh^ the weight on the 
rolling wheel to he adjusted to the work it is required to do. This rolling 
wheel on which the bulk of the load is concentrated is made to bear, by 
adjustment of the loads, a load varying from 4 tons 7 cwts, to 9 tons 10 
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owts. The metal used for patching is drawn by the roller In a cart which 
oarries about two tons. When not required for road lopaira the ongino 
may be used as a tractor, or for street watering, a tipping body to carry 
four, tons, and a watij^r tank to hold 1,000 gallons being made interchange- 
able. This roller can travel at the rate o£ six miles an hour, but during 
rolling the speed is reduced to two miles an hour. The reversing 
action of the engine is so sensitive and easy that the roller can bo made to 
pass over a patch 18 inches long no less than 30 times in a minute. Where 
there are many stone roads, a roller of this kind might be very useful, 
but, at present in India, patching on stone roads is done with rammers such 
as are used on kankar roads. 

259. Sometimes ruts form in a road. For patching in these a 
roller would not be of use. Ruts are not found so frequently on a stone 
road as on a kankar road. They should he kept under as far as 
possible by rut-filling or, if this cannot be done owing to want of funds, 
by what is known as ‘‘ lik kafai or the sprt^ading of screenings in the 
ruts. This is a barbarous practice at best, and if it can be avoided so 
much the better. When it has to be used, it should be so done that it 
will not be a source of danger to traffic. When a road has been well 
consolidated after careful hand packing, it ought not to run to ruts if the 
surface is sw(q)t evc'ry day and traffic marks are obliterated till all 
danger of ruts forming has passed, as it will pass in the case of most roads 
that carry mixed traffic. Roads that do not carry mixed traffic are always 
liable to ‘‘ track,” and in America attempts are made to prc^vent the 
formation of ruts due to the j>assage bf heavy slow-moving teams 
by putting up direction boards, by placing on the road piles of stone 
or barricades to direct the traffic temporarily, forcing the traffic to move 
sometimes in gentle serpentine curves, and sometimes in lim^s parallel 
to the ruts, the barriers being changed from tiiin^ to time so as to 
force the traffic over every part of the road; but this method of limiting 
the travel is used only on comparatively wide roads and is, even then, 
held to he indefensible owing to the obstruction of traffic. In India 
the roads that “ track ” are not the wide ones, but those that are made 
narrow, because there is not much traffic on them. On such roads “ lik 
katai ” is not as dangerous to traffic as on roads carrying much mixed 
traffic, but warning boards for chance motorists should be put up where 
it is resorted to. ‘‘ Lik katai ” should be done when ruts begin to form 
by* spreading small kankar “ hajn ” along the ruts or sweeping the 
surface “ hajri ” into them and strewing earth lightly over the whole 
surfa<?e and sweeping it every day for a few days. On no account should 
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large lumps of kankar be used. It Ip very necessary to put a man in 
charge of the work who knows what to do. He should move the 
‘‘ hajri ” and divert tlio traffic every s<^oond or third day, or the road 
will soon have not two, but half a dozen ruts. Branches of trees and 
pieces of wood put over the j)lacos where ruts are forming do no good, 
for they merely narrow the road and aggravate the evil. Tf by neglect 
the ruts become an acc>oinplished fact, they should be mended by cutting 
out trenches 18 inches wide and 3 or more inches deep, and filling these 
up with metal and consolidating it. This is called rut-filling. 

260. Holes for earth for repairs to the road should not be dug by 
the coolies from all over tlie road land. There ought to be along the 
road boundary borrow pits about 50 feet long, with cross-bars of earth 
between two pits, and it is from these juts that earth should ordinarily be 
taken, neatly and methodically, but the formation of borrow pits should 
be avoided altogether in the neighbourhood of inhabit(Hl areas, where no 
excavations should be made that cannot be drained. No earth should be 
dug within fiv<‘ fei^t of a tree, milestone, furlong post, or boundary pillar, 
or any masonry work. 

261. The road gangs are usually employed all the year round, 
whence the term “ haramuais ” by which they are known, but some 
officers prebu’ to vary tli(» luimlxu’ in each gang according to the s(^ason, 
doing all the road rejiairs in the rainy season and winter, and practically 
no work in the dry season, for jiatcli work done in the dry season do(>s 
not last as well as that doin' when there is moisture in tlu' air, and 
earthwork doin' in tln^ dry s<*ason soon turns to dust and is blown away 
by the high wiinls that prec<‘de tin' arrival of the monsoon. Tln're arc 
varying climates ev<'n in one jirovince. and no pn‘cis(' methods of work 
can he })rescrih<*d that apply to all, nor should an officer, who is moved 
from oin' ])art of a ]ir<)vinc(' to another, introduce his particular methods 
without giving the local nn'thods a fair trial, unless tln'y are o})viously 
wrong. As a rule, they contain something for him to study and adopt. 

262. Road gangs ]>rove of use w^hen flood damage's oecur to the 
embankments of bridge's and culverts, hut their work in the further 
]>vevention e)f damage and its re'jmir has to he' su}>f)lenn'nted by that of 
special labour gangs, or jiettv iHiiitraciors. Tin* elamage done by suelelen 
heavy floods is usually the> cutting hack of eml)ankmcnts he*hinel bridge 
abutim'iits e'ither by edelies below a hrielge^, or by the flood water over- 
topping the bank, tln^ creation or scour holes unde'r a hrielgo of which the 
waterway is insufficient, the? hre'aching of a road where there is no 
bridge', apd the rougheping of the metalled surface of the road where 
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flood water flows over it. Soiiiciinies ^uidc* huiuls, or ]5<*1] hnnds, al)ov<*, 
or below a bridge an* br(‘aclied. Tn all these cas(‘s tli(‘ gang should take 
such action as is obvious, and also report the fact that damage is b(Ung 
done by tli(‘. flood. To prt'vtnit tin*- cutting away of a road bank, tli(\y 
should check tlie force of the water l)y branchivs of tr<M's, ('tc.; to pr(‘V(‘nl 
tlio ov(Ttoi)i)ing of a bank tlu^y should rais(* a small biink along the edg(‘ 
of the road, tor once the wat(*r is ov(‘r it, and cutting hack begins, iliey 
vill not h(‘ ahl(‘ to do much to stoj) a breach in fh<* road. TIh'V can also 
do something to fill up scour under culverts by nutans of jutcliing, if it is 
availabh‘, or to cheek it by throwing in ](‘afy brancli(‘s of tr(‘es. 

2()3. The road gangs should, in faet, attcuid to (werything conneeted 
with the uj)ke(*p of th<‘ road that can la* don(‘ by th(‘m, k(*(‘j)ing it o]>en 
for traffic and removing all long grass and jungh' from the as 

well as from tlu^ comjxuinds of inspection himgalows. Sometinu's nankar 
cooly huts are provided for tlunn to liv(‘ in, at oIImt times, some of tJi(*m 
sleep in the ont-houses of insj)ection bungalows and sonu' in their own 
hom(‘s in villages nearby. As a rule, they are given a day oflon Sunday 
to enahhi tlu'in to visit a market to buy food. 

204. The re-painting of milestoiu's, furlong posts, boundary pillars, 
motor sign-posts put uj) in accordance with th(‘ Act shcnild Ik* dom* annually 
by contract, or daily labour, immediately aftt'r the rainy season. Broken 
milestones, furlong jiosts, etc., should lu* reiu'vved as soon as possible*. Tt 
is usual to paint on th(‘ face* of milestones the dale* of last renewal, and 
for this purfiose it is sufficient to use twe) figures only <o re])resent 
the year, or four in all, two on the right, c.y., OS, re'ju’ese'nting that 

the mile on the right was (k*alt wdth in lOOS, and! two on the left, 

12, indicating that the mile on the le*ft was elone in 11112. Parti- 
culars as to what was done, renewal, or re-surfacing, or rut-filling, 
can be obtained from the register. To attempt more than is here 

indicating merely crowds the face of the milestone with figures from 
which the essential figures cannot bo }>icked out easily as one drives by. 
The figures should be! in reel, as the mileage wdll be marked in black. 
Furlong stone's are usually painted white w ith figures picked out in black. 

2C5. All bridges should hh inspecte d before and after the^ rains and 
levels above, under, and below bridges of 20 feet si)an and over should 
systematically he recorded in such a form as that shown opposite^ 
the use of which may be extended to bridges under 20 feet span 

which may show signs of scour. These levels show whether scouj:..dR 
taking place. Scour directly under a bridge gen(*rally needs attentIoii< 
V hut U not dangerous, if the bridge has deep foundations and the scout k 
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not dc(‘j). It shows that the WatiaaaaTy is re^^ctcd. It more waterway 
cannot he provided hy adding spans, the approaches may he lowered and 
th(‘ hed of the stream pitched with block kankar or stone. Scour above, 
or tndow, a bridge and at some distance from it is not immediately 
<langerous, but if it continues to extend towards the bridge, it needs 
attention. Straight g uide bmi ds^ or Bell bun^ ^ Ixdow a bridge will 
serve to move the point of action of an e ddy from the bridge face to the 
end of the bund. A part of the bund may disappear. This is better 
than losing the l)ridge or cjilyert. Similar bunds above, the bridge or 
culvert will preserve the road bank. If a stream, as it winds from side to 
side, threatens one approach or th(^ other, the bund forces it to curve around 
its nose, which is strongly protected, the velocity along the face of the 
einbankinent is checked, and is deposited, protecting the road. For 
details of Bell bunds, and of bridges, the student is nd'erred to the 
Manual on Bridges and Sir F. Sjjriiig’s book on liver prot<‘ction in the 
Techincal Scries. In the present Manual it is sufficient to draw attention 
to the few points given above wdiich relate to the protection of the road. 

2G(). When a road has been cut through by floods at a point where 
it is impracticable to build a bridge on account of the expense of con- 
struction and upkeep, it may be advisable to put in an Irish bridge, or di p^ 
consisting of strong side walls 12 feet or 16 feet apart, well pitched, up- 
stream and down-stream, and with a reinforced concrete foundation 
six inches deep to the metalled roadway. If the reinforced concrete is 
omitted, and the side walls an* of any height above country level, the 
action of the water will scour out the metalling and the earth filling 
between the walls. “ As a rule, Irish bridges are not made whore the 
IpHink is high, and the top of the side walls usually coinoidtes with the 
level of the country, and there is no great action tending to scour out 
the earth between the w'alls. It is only in the case of deep scour and a 
high bank that sjiecial precautions are necessary. 

267. It is important that the road engineer should know when each 
mile was lust consolidated, and a register containing this information 
should be kept up. The information is contained in the^bad (Jkiirt 
which is a graphic record of collection and consolidation on each mile 
and furlong of a road and which serves well for office use. Something 
simpler is needed for an officer whose work takes him on the road, and 


it is suggested that the record should be in a pocket book and in this form 


O Kut-fiUing 
Q Kc-surfaci»g..„. 


Date of CQQB^datioti. 
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and in this : — 


Year, 

Work done. 

Average expenditure 
per mile. 

1901 

a 


1902 

4 


1903 

1904 



1905 



Hum 

3 


1907 

1 


1908 

4 ^ 


1909 

2 


1910 

H 


1911 


1912 



1913 

4 5 


1914 

2 3 



with a coluiiiii in the last case showing the average exi)enditure for 
the year ])er mile on collection, consolidation, and inaintonance, omitting 
the. cost of repairs to bungalows and bridges and monc'y expended on 
arboriculture. A square round a iigure would indicate re-surfacing and 
a circle rut-tilling. Half a mile or a quarter or an eighth could be indi- 
cated by th(' figure 2 or 4 or 8 as a de nominator . Any other convenient 
record could be used instead. 

268. ^ Every year, after the monsoon, the de[)thsotmetal on the road 
should be taken in (*ach mile. Sometimes this is done in miles only that 
are. to appej^in next annual estimate for colh^ction, but this is noi 
enough, for it is very inii)ortant that there should be a record of what 
thickness of iiKjtal nunains in each mile. The measurements are gcmerally 
made in 0 holes, about 6 inches in diameter, or less, dug in each mile, of 
which 3 are nearly opj)osite. a milestone, 3 at the 4th furlong and 3 

opp<wit© th<' ni^xt milestone, one in each case being at the middle of 
the road and one near each edge. The average of three is taken and then 
the averages of the three av(*-rages. Tliis is recorded as tlu‘. mean depth. 
The system is not ludiable in cases in which oiu'. sc^ction of a mile is thicker 
than the rest, and iiK'asurements which give abnormal results should be 
disre^garded, or tli(3 thickness of llie sections should be shown separately. 
When the holes are dug, they should I)e filled with loose pieces of kankar, 
or stone, and as soon as they have been invspected, the kankar, or stone 
should be consolidated into them, for if the holes arc left o[K;n they may 
be the cause of accidents. 

269. Given the statement of the depth of metal and the registers o£ 
consolidation shown above, an officer in charge of a district soon secs that 

U 
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some miles iie<3d early reiK^vval, that some last longer than others, that 
new consolidation has not added as much to the thickness of th (3 road as it 
should have done, and his inspection will show him whether the reason 
for the former is heavy traffic, or poor metal, or bad rei)airs, and he can 
ascertain why the consolidated coat is thin. In the same way, an officer 


i^|jpecting a road ought to know when the young avenues were planted. 
THx-s information he can get from the arboricultural programme. 


270. The j)reparaiion by a senior officer of complicated detaih'd 
statements, mil<^ by mil(‘, r(‘i)r(\^enting, by letters us(‘(l as a kind of short- 
hand, the state of the road surface, th(' condition of tlu\ earth(‘n sid<‘s and 
of the avenu(‘s under ojM'ration, the work that is being dom* on coll(‘ction, 
consolidation and th(3 colh^ctioii of petty repair nn^tal is not advocated 
by th(‘ writer. Junior offic(M-s should occasionally mak(* full n‘cords of 
their inspections, and senior officers should ref(T to th(‘se w hen they ins]»ect 
the roads, coniining their r(‘inarks to matt<‘rs that need to hi\ attend(‘d to. 


271. Tli(‘ quantity of road metal that will be used in maintaining a 
road will depend on th(‘ traffic, on tin* quality of the metal, the age of a 
mile, and the way it has worn and on the cH’ectivcmess of the T> atchwork . 
In some places a mil(‘. will not have a three-year life, in others mil(‘s last 
for ten or mort* y(‘ars, though tlu^y are repain'd less than in the former case. 
In framing estimates for maintenance it is nec(‘ssary, therefore, to discri- 
minate between various mil(*s. Sometimes not more than 2U0 cubic feet of 
metal will Ix' iK'cded for the year’s work, at other tinu's 1,000 cubic feet 
inay be usefully (‘inployed, and in v(Ty special cases it may be necessary 
to use much more than this. For ordinary traffic th(‘ yeai^ly exj)(‘nditin(‘ 
of metal may lx* 200 cubic ieet per mile per y<‘ar of the age- of the mile, 
and ix'tty r(*pair imdal may be collect<’d on this scab* to b(»gin with. At 
the same time there should be a reserve of about 500 cubic feet in each 
mile which should not be us(‘d without th(‘ District Engineer’s permission, 
and more than the quantity in(Ucat<*d above should be collected if any 
mile suddenly shows signs of breaking up more than was anticipated. 

272. If traffic returns can be obtained, they may prov(‘ useful in 
indicating what W(‘ar of a road is to be exp('cted in normal circumstances, 
but so much (kqxuids on the quality of th(3 metal, and the way the consoli- 
dation is done, and on the weights carts are allowed to carry, and the 
kind of tyres th(‘y are allowed to adopt, that too much faith must not be 
put in traffic returns unless they are carefully compiled on a standard 
system. In •Liverpool Mr. Brodie, m.i.c.e., the City Engineer, records 
the tonnage life of roads by taking occasional records of the numbers 

classes i)f vehicles passing alpiig the principal streets, and asbiguing 
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loads to pach class, reducing the results to a standard of tons of traffic 
per yard-width of carriageway per annum, thus eliminating the error that 
a record of numbers of vehicles, without their estimated weights and 
without mention of the width of a road, is likely to produce. 

273. But more useful than the collection of statistics is attention to 
details of the work. AVith good metal, properly consolidated and effde- 
tively repaired, a road will last considerably longer than it will if inlc*ior 
metal is badly put down and if repairs are indifferently done. 

Notk. — F w biief reiuarks regardiii^: the DuiijUonuiioe of hill roads and oartli roads 
paragraphs 1G8, 295, iJlO shoiilil he referred to 



CHAPTER X. 


Arboriculture. 

274. If he notices the difForonco between a road without trees and 
one that has good avenues every road engineer will take an interest in 
arboricultural operations, and will endeavour to improve his roads for 
the sake of the public by planting out trees which, if judiciously chosen, 
will give shade to travellers and prove a source of ravenue as well. 

275. Before effective arboricultural operations can be undertaken, a 
scheme of planting should 1)0 drawn up, and the example given below will 
help to show how this can bo done. This method was adopted by 
Mr. Verrieres, c.i.E., Executive Engineer, Agra Provincial division, and 
loads up to the form prescribed for use in the preparation of arboricul- 
tural programmes in the United Provinces 

Example of notes for arhoricnltural operations^ 

1. In a mile of double avenue trees plantinl at 30 feet intervals 

number 350 in round numbers. 

2. ^ Cost of planting a full mile of double avenue and maintaining 

it for one year : — 

Digging pits 350 x 3 x 3 x 3 ==! 9,450 c.ft, at Rs. 2-8-0 
per o/oo = Rs- 24, 

Collecting good soil 9,450 at 8 annas per cent. = Rs. 48 

Digging up seedlings from nurseries not more than 5 Rg. 
iuiles and planting 350 at Its. 5 ==r- Rs. 18, ... 32G 

350 earthen tKSnla s at 5 annas each = Rs. 110, ... 

350 earthen gharras at 350 pies each =: Rs. 6, ... 

2 bhistis or mails for upkeep at Rs. 60 = Rs. 120, ...^ 

3. Cost of maintaining double avenue full mile for second year, 2 

miles at Rs. 60 = Rs. 120. 

4. Cost of maintaining a double avenue full mile for 3rd, 4th, 5th 

years, 1 mali at Rs. 60 = Rs. 60. 

5. A mile of gap-filling will be reckoned as half a full mile. 

6. Trees will be planted at intervals of 30 feet and 18 feet from 

the edges of the metalled portion of the road. 

7. In gap-filling the trees planted will be in keeping with those of 

existing avenues, " 
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8. In new miles net'm trees and, where possible, shisham trees will 
be planted, as only these trees grow in the district* 

References, 

A indicates Established avenues. 

B „ Avenues with gaps to be filled. 

0 „ Lengths under operation ; whole avenues. 

D „ „ „ „ : gap-filling. 

E „ Trees irregularly planted, including balml and jungle 
tr(»os. 

F „ Avenues too far from the road to be of use. 

G No trees of any kind* 

H ,, Bazars, rivcT beds, etc. 

Statement of Avenues on the Road, 











no 


CHAPfEH Xf 


Estimate, 





Rs. 

Rs. 

i90«-09 

Plant 2M. 6F at Ra. 236. ... 


... 896' 

) 


Maintain 3rd yoar IF in mile 5 at R?, 60 

7, 

f 903 

1909-10 

Plant 1-0-330 at Rs. 326, ... 


346 

} 


Maintain 4th year IF at Rs. 60, 

1 

... 8l 

^ 684 


„ 2iul year 2M, 6F at Rs, 

, 120, 

.. 330 ; 

) 

1910-11 

Plant 2M, 3F at Rs. 326, ... 


.. 774' 

\ 


Maintain r)th year IF at Rs. 60, 


•• li 

L 1 {\7A 


„ 3rd year 2M, 6F at Rs. 

60, 

.. 165 1 

i 


„ 2nd year 1-0-330 at Rs. 

120, 

.. 128^ 

) 

1911-12 

Plant 2M, 2F at Rs..32,6, 


733' 

\ 


Maintain 4th year 2M, 6F at Rs. 

60, 

.. 165 I 

L 1 917 


„ 3rd year 1-0-330 at Rs. 

60, 

.. 64 1 

i 


„ 2nd year 2M, 3F at Rs, 

120, 

.. 285j 

1 

1912-l:l 

Plant IM, IF at Rs. 326, ... 


.. 367'^ 



Maintain Sth year 2M, 6F at Its. 

60, 

.. 165 



„ 4th year 1-0-330 at Rs. 

60, 

.. 64 ; 

1,009 


„ 3rd y(*ar 2M, 3F at Rs. 

60, 

.. 143 1 



„ 2nd yarr aM, 2F at Rs. 

60, 

.. 270 J 


1913-14 

Maintain 5th year 1-0-330 at Rs. 

60.-. 

.. 

I 


,, 4th year 2M, 3F at Rs. 

60, 

.. 143 1 

1 

177 


„ 3rd year 2M, 2F at Rs. 

60, 

.. 135 ( 

* 1 t 


„ 2nd year 1 M, IF at Rs. 

120, 

.. 135 J 

1 

1914-15 

Maintain 5th year 2M, 3F af Rs. 

60, 

.. 142-) 

1 


„ 4th year 2M, 2F at Rs. 

60, 

.. 1.35 [ 

. 345 


„ 3rd year IM, IF at Rs. 

60, 

.. 68) 


191 5-1 C 

Maintain 5th year 2M, 2F at Rs. 

60, 

.. 135*> 

1 9n9 


„ 4th year IM, IF at Rs. 

60, 

67 i 


1916-17 

Maintain 5th year IM, IF at Rs. 

60, 

. 67 

67 


Total, 


6,008 


276. To those figures should be added incidental charges for nurseries, 
sheltering trees from frost, etc. Nurseries can often be mnintained for 
very little if they are planted in the compounds of insj)ection bungalows 
and are looked after by the ehaukidar,^^ Occasionally treses have to 
be bought and their cost must then be added to the cost of planting 
the estimate is being prepared, Funds will not always admit of 
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all the planting on a road being done in live years and the programme 
of operations must then be framed according to tho money which will be 
available. 

277. For details of work the local Manual of Arboriculture should 
be consulb*d, as conditions will vary in each province. The information 
given below is condensed from the Arboriculture Manual of the United 
Provinces. 

278. Before tr(M‘ planting is undertaken in any district, a r('vi(*w of 
the condition of each road as to existing avcnu(*s and to Miilal>ility cf >cil 
for planting nciW tre(?s should be ma<le. A programme of ojjerations 
should then be drawn up in cnnsidtation with tin*. Director of Agi’icultun*.. 
This should cover the work for live years and should provide for planting 
tnH‘s, like those which are growing n(*ar tin* road, in full miles wh(‘re 
there are no avenu(‘S and in gaps where av(*nues exist. 

279. Full miles are to lx* pref(‘rrcd to gaps, and tr(‘(*s of one kind 
should be kept together, (iap-lilling is mon* ex])(‘nsive than Ihe j)lanting 
of full miles of young trees and less likely to be successful, for the 
young trees in gaj)s are often killed ])y the full growm tr(*(‘s near (hem. 

280. Mango, ja(h, and tamarind an* the. best 

trees for shad(‘ and fruit in tho United Province's, but naturally tlnjy will 
not do well ev(*rywdierc. Ev(‘n in the United Province's the mango 
tree! does not flourish south of the river danina, wdiih* the ‘‘ 

^which does not thrive in cold districts, does w’(*ll in Bumh'lkhand. 'Jhe 
jack , again, does best in the damj>er eash'rii districts and the 

is well suited for tracts which^re too w^ot for the mango. The “ mahua 
and the tamarind need speciarflfotection from frost, 

281. All th(*se trees are raised from seeds in nurserit's and can 
be planted out in the rains. They should be plantc'd at distances 
apart of 40 feet, exc(*pt the tamarind which needs intervals of 60 
feet. Other trees suitable for planting are those of the fig order 

“gw/ar,” pakhar and pipal"^) and tin* shisham"' 
(for its timber) and “acem.’' In the worst soils the bahvr^ can be 
grown. The “ neem-’rltaweli ” “ kaclmar^^^ and 

millingtonia should not bo planted. 

282. Nurseri«*s shoidd be established at suitable j»oints, generally 
inspection bungalows, where shade and wah'r are available and the soil 
is good, and twice* as many trees as are likedy to he re<juired should he 
planted out under the care of the bungalow^ chaiikidar, if he understands 
trees. They should bo inspected frequently. The seeds should be 
igwn in m ingbt's and the soil sboiald bo li^ht and woU 
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inaiiiirod with leaf mould, hut, at the same time, not too sandy, or it 
will be difficult to get halls of earth to adhere*, to the roots of the 
plants in transplanting. From four to (‘ight months after sowing, 
it is necessary to thin out the seedlings and move*, them to the*, planting- 
out beds, which need not ))e. in permanent shade, where* the*y sliould be* 
planted at inte*rvals of 18 to 24 inches. Protection from frost in the 
winter and from the* rays of the sun during the months of extreme heat 
will be nee*d(*el. 

283. Se*e*dlings shoulel be. at le*.ast two ye*ars old before the^y are* 
plante*d out. The holes on the* road should be dug during the whiter for 
trees that will be* planted out in the rains, anel in March they should 1)0 
half filled with leave*s. The*y should be circular anel me*asure‘ 4 feet at 
the*, top, 3 feet at the bottom, 3 fe*et in d(‘pth. Whe*n the treH‘s are being 
planted, one* only in (‘ach hoh* and that a ])lant with a single erect 
stem, the le*ave‘s shoulel be* elrawn away so as to make a cle‘ar s])ace 
3 feet deep by 2 ft*et in diamete*r, which should be* filled \n wdth e*arth 
ill which the re)e)ts of the tre‘e* slieiulel be i)lante‘el, the* transplanting 
being done during rainy or cloudy weather, or late* in the eve‘ning. 

284. The soil in which tlie^ tre'e^s are })lante*d shoulel not be much 
above, and ce^rtainly not below the surrounding soil. They neeel pro- 
-twtion ami m^ny forms of tre‘e guards are* UH(*d e>f iron, of wooel, of brick, 
of thorns, of cjictus, but none, are simpler and me)re‘ e*ffe*etive. than a ditch 
anel wall or e*arth, the elitch being circular, of six f(*e‘t oute*r raelius, 2^ 
fee*.t de‘e5p, 2 fe*et wide at the toj), and 1 foot wide* at the* bottom and the 
wall being of 4 feet outer radius, 2^ feet high, 2 feH*t wide at the* bottom 
anel 1 foot wiele*, at the tup. Some babtiJ^thorns should be* stuck into the 
top of the wall while the e^arth is wet. When the* plant is old enough, 
this earthen wall can be cut down and the ditch filled up. 

285. Afte‘r planting special care is reepiired to se*e that the young 
trees arc sufficiently watereel, cs])ecially in seasons of elrought. A very 
effective methoel of ai)plying water to a tree is to keep a eleep narrow 

buried close to its re)ots full of water, a system that avoids waste 
and the danger of overwatering and admits of easy insj)ection. The. 
surface soil for 12 inches all round the trees should be kept as loose 
as possible, and in localities whon^ frost occurs, the. tr(*es need to be 
protected during the first two seasons by means of thatching grass tied 
round each, which should be r(*moved as early as possible to enable the 
trees to get the benefit of the sunshine. 

286 . Trees that are not growing straight should be attended to while 
they are quite young, and be tied with soft unspun hemp fibre or some 
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Similar material (not cord or string) to a straight vertical stick fixed near 
the root of the tree. If trees are planted early in the monsoon, any that 
prove to be failure's can be replaced at once by otheu* plants from the 
nurserj^ ; but in the case of those that are planted'late in tln^ season 
^ replacements cannot be madi^ till the following year. 

/ 287. L oppin g is best doin' at the end of the cold wi'ather (Feliruary) 

or of the rains (Sc'pttiinbei*) with a saw, not a h atchet as close to the 
trunk or main branch as jiossilile, no stumps b<ung left and a small cut 
being first made below the branch whiclTis being lopped, so as to sav(' 
tearing. The surface of the cut should be suK'.ari'd with r esin or -tur. ^ 
Fallen tn'es, felled trees, lojjpings and produce of the tree's should be sold 
by auction, (^are should be taken to see that caiiK'l driv(‘rs and villagc'rs 
tlo not damage trees by bn*aking off any branches for th<'ir camels and 
goats. It is w<‘ll to k(‘('p a r('gist(‘r of, and watch the growth of, all 
young trees can'fully, removing from the road any mails who lu'gh'ct 
their work. 


15 
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Earth roads— temporary roads— bridle roads, 

288, Earth roads are very frequently made in India, In fact the 
majority of district roads in the United Provinces are earth roads, un- 
banked, or banked, as the case may be, sometimes bridged, sometimes 
unbridged. In some oases the travelling surface is divided into two parts 
by an earthen wall, one side being reserved for light traffic and one for 
heavy traffic ; but, as a rule, the section of the road resembles that of a 
metalled road without the metal, if the road is one that may eventually 
be metalled. Otherwise it is narrower. Some roads meander over the 
country, others are mathematically straight for miles. Some are carefully 
laid out and have a good surface throughout their length, others are 
spoiled by short lengths of indifforent surface and would be much im- 
proved if these short lengths were taken in hand and put right. As a 
rule, the grants for the repair of earth roads are small and sometimes 
they are not spent to the best advantage. 

289, In America earth roads are in great evidence, as over 90 
'per. cent, of the roads of America, or 20,00,000 miles, are earth roads and 

AmericahNi^oad literature is full of the names of special appliances for the 
creation ana\ preservation of earth road surfaces, such as road dragjsi^ 
ploughs, drag scrapers, wheel scrapers, road graders, elevating graders, 
for descriptions of which reference should be made to such works as 
Blanchard’s “ Elements of Highway Engineering,” or Baker’s “ Roads 
and Pavements,” or Byrne’s “ Highway Construction,” None of these 
machines is regularly used in India where, as a rule, all the works is done 
by means of digging tools (“ ”) and baskets, or wheel-barrows, 
as described in the College Manual on Earthwork, 

290, A point to which attention should be paid in the construction 

and maintenance of earth roads is the drainage. Sub-drains are seldom 
used in India, as the natural water surface is usually far below ground 
level, but there are places where it would be useful, for in some localities 
the water level is very near the natural surface of the country and road 
banks are permanently moist. As regards surface drainage, it may be 
said that this depends on the longitudinal grade, the crown of the 
road and, where the road is not in bank, on the side ditches. See also 
paragraph 296. yffJ? 

^ 291. It is interesting to note in this conjiection what the American 

practice is. In America earth roads are not always banked, but are often 
cut out of the Surface of the ground by means of special appliances which 
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cut the side ditcheis and throw the earth towards the centre of the road 
where it is shapc^d to a proper section. This section and the ditches may 
vary with the longitudinal slope, wide deep ditches being allowed for 
grades under 1 in 50, smaller ditches for grades under 1 in 25, and paved 
for steeper slopes, the crown of the road being as much as 1 in 12. 
This should be considered the maximum c ross-slop e for any caxtlLri)ad, 
and, as a rule, the cross-slope allowed is half this or 1 in 24. As regards 
longitudinal grades, Baker in Roads and Pavements ” says that in 
Hilly country short grades of 1 in 3 are occasionally found and grades 
of 1 in 4 are somewhat common, while in comparatively flat country 
grades of 1 in 8 arc not infrequent, but Blanchard in “ Elenn^its of 
Highway Engineering ” says that, if practicable, th(‘. longitudinal grade 
should jiot be over 4 per cent, and under no conditions over 6 i)er cent. 

292. In India for e.artli roads in' tolerably level country a maximum 
grade of 1 in 20 should be adoplc<l. The co-clficient of friction on a good 
earth road is said to t)C and a reference to Tables I. and ITT., para- 
graphs 44 and 47, will show that if in the former a load of 1*00 can be 
drawn on the level, in the latter with double the exertion this can be 


drawn up a slope of 1 in 20, the co-efficient of friction in each case being 
y’^f'and this indicates roughly that, with reference to the load that can 
be drawn on the level, the maximum grade on an earth road may be 1 in 
20. Increase the drflnght_pnwiir and the load can bo carried over a 
greater gradient, but it is awkward to supplement animal draught power 
whenever a steep slope is met with, wdiile, at the same time, it is not 
economical to have excess of draught j)Ower on the hivel. So 1 in 20 may 
be taken as a good maximum working grade on an earth road, unlc'ss the 
soil is of a kind that will cut up easily as w^atcr flows down it, in which 
case an easier grade must be allowed. For short distances, say, half a 
furlong, 1 in 10 may be admitted on some earth roads carrying wheeled 
traffic; but there should then, if possible, fee a corresponding adjacent 
length of 1 in 25. ^ 

293. Some sjojl^ cut up easily, others get very s l^)pery , so it is not 
possible to prescribe a definite gradient and crown for all; but if an earth 
road is made with a ma ximum grad ient of 1 in 20 and a maximum crown 
of 1 in 24, it ought to meet all average; cases. The roads in India are 
generally banked when th(*y are not mere cart tracks, and cannot be made 
by means of American graders, e^., but for repairs a s]jlitJ qg drag might 
prove useful. 

294. A spli t log^ Jr^ consists of two halves of a log .about eight 
£wt long and 10 inches in diameter split as nearly in half as Is praoUcol^ 
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The two ImlvoH are ])racc(l togetli(‘,r as shown in the sk(5tch, an iron 
being fixed at the outer end so that its out(T edge })rojeets about half an 
inch below th(J log, whije fliijdi _w i th (>dgc ^ 

the slaj^ A chain is fixed to the front half log, one end being attach(*d 
to the middle of th<' outer end of the slsib and the other end being passed 
over the to|) of the log and attache<l to a brin^ij . Ov(‘r the bra< 5 es is 
fixed a [)latfonn for tlu^ driver. As the drag moves Forward each frouT 
the outer e.dge of the road passes below the chain as it runs along tin; 
log towards the centre of the road. 


Fig. 45. 
Spfit !og drag 



a rule, the allowance for^tlK' ma!nt(‘nance of an (earthen 
road in India is small and can be misspent on small re])airs all along a 
road. It is better, on th(^ whoh^, to conctmlrate on repairs, taking up 
a small portion of a road and improving it by means of efticieiit repairs. 
PermaiKiiit road gangs are seldom found on earthen roads and very often 
rejjairs are done at a time when nothing but dry earth is obtainable, 
which soon turns t o dusL and is blown away by the strong winds of 
March and April, It is advisable to carry out surface repairs towards 
the end of the monsoon where wet >^ il is obtainable which, when filled 
into the_j5a£t^’acks, sets firm and gets covered with grass* before the 
4*fJfivy winter traffic tests the repairs. S ide slope s may have to be’ 
repaired after the monsoon, for they suffer damage during rain. 

296. Attention to dmiwge is very necessary on earthen roads, 
and it is only by maintaining the shajie of the cross-section that the sur- 
face can be properly drained. Sjjii::S^;aiimge is usually carried out by 
laying a line of (‘arthenware pipes about 5 feet below the surface of the 
ground under one or both of the side ditches. The size of the pipes and 
^heir slope depend on the quantity of drainage that may have to be dis- 
of, and souietimes the pipes are laid in fa: ^ches filled with broken 
or ,«(nftU boulders. Two lines of pipes are not really required, 
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for one line on tlie side of the road can do all that is 

needed. 

297. For other matters (Concerning maintenance, the chai>ter on 
maintenance* shoidd )m* eonsiiltcMl. 

298. Tenii)orary rojuls have sonletim(^s t() he* opened out across a 
river bed or before pcrniaiK'nt metalled roads can b<* nuuh*, or wliih*, 
iiK'talled roads are under repair, and may be* of various kinds. Ther(i 
is, for instance, the road that has to be made across tlu^ sandy b(*d of a 
riv(ir iK'ar a boat bridg(*. Tn this cas(*. funds may admit of tin* use of 
sections of wooden trackways (made of “ ,va/ wood as a rub*-) in six- 
foot lengths tied by cross pi(*ces and phic(‘d (*nd to (‘iid to form ilie 
roadway for wheehHl traffic, with crossing stations at suitable int(*rvals. 
These short lengths can b(c put in position aft(*-r tlu* mons(jon and r(;mo\(‘d 
when the next monsoon a})proach<^s. The track und(‘r (‘acli v\h(‘,el should 
be 2 feet or more in width, as country carts swing ai)Oul as th(*y advance* 
and narrow treads will give trouble. If a wood(‘!i trackway cannot be 
provided, tin*- road must lx* nuub* of bundh's of "'‘Jltao (tamarisk) or 
long grass, about six inches in diamet(‘r, tied with string and |)lac(*d side 
by side in a trench, say, 12 f<*(ct wid<* by 12 to 18 inclu's deej), over which 
should 1)0 thrown clay 12 inches to 18 inches dex'p well heab'u down. On 
the surfac<* of ih<*> clay a thin layer of loos<* grass shoidd constantly 1«* 
inaintaincd. iSuch a road would not last more than a si*ason, but it would 
not cost much, and it would save draught (;atih^ the toil of struggling 

through h<*uyj^..iiaHd; A soni(‘,whut similar road can be made for the use 
of th<^ traffic when a road di versio n is necessary during tiie construction 
of a bridges or other work or during repairs. 

299. Ury sand interferes much with traffic. Wet sand, on the 
contrary, makes a fairly good roadw^ay and heavy carts travel comfort- 
ably across stndches of wet sand on a seashori*, j)rovided there ar<^ no 
quidLsaa«k). {Sometimes it is clay that has to b(‘, dealt with. Olay, when 
dry, makes as good a fair weather road us wet sand does, but when it is 
wet, it is easily cut up by the traffic and coiivertiHl into a fjjjagndrc. 
Sand ov(^T clay helps to improve matters, and an (‘xample of a road im- 
proved in this way is given in the Oollegi? Manual on Hoads, 7th edition : — 

“ Portions of the uiiincd-alled road between Prome and Porsoday in 
Pegu were formerly impassable during the rainy season, owing to the 
soil being very clayey. The officer in cliarge of this road suggested the 
application of a layer of sand in lieu of metal, as the latter n^tf 
in ^at locality, obtainable, and the experiment was sanctioned;^ 
reported that the sand, wbioh wi^s laid be£^ro the ruins of 
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in the dry weather r ather - hfiay.y for wheel trafl&c, but during the rains 
was as hard as possible and enabled carts to traverse the road in question 
throughout the monsoon, which they had n(*v(ir previously, in any num- 
bers been able to do. The road had sustained little damage from the 
rains of 1859, and the sand had so mixed up witli the original soil, that 
the surface of the road had become quite hard and carts [)assed to and 
fro without suffering in the least from heavy drauglit. The expense of 
repairs laid been very trifling, though the roa<] had Ix'eii much cut up 
by heavy traflic. The ruts formed tilled iij) on the occurrence of the first 
heavy si lower of rain and the road again lM‘came hard. This experiment 
jiroved successfull.” 

300. Sometime a temporary road is carried across a ‘\jlieel ” or 

shallow lake. This may have a solid bottom or may be spongy and soft. 
It may be still water or hav(‘ a current. If it is still water at normal 
times, it will nevertheless n^quin* a culviTt in the embankment to balance 
the level of the water on both sides, as the water level rises after rain or 
falls as it is drawn off. If it has a current, it is ])art of a stream and the 
bank must be provided with ji culvert. If the soil is hard and firm, the 
bank may be made of earth. If, however, it is marshy and >^pongy and 
co nqire ssible, it may be necessary to throw in brushwood or bags full of 
clay or sand or stones in order to form a foundation for the bank. 
This is usually necessary also when a* bank is being formed in a strong 
current. Temporary culverts in a temporary bank can be made of 
“ haJHs ” of sal wood driven wtII into the ground and baekcnl by bags full 
of sand or stones. Tluvse form tluj abutment s. ‘‘ Ballis ’’ may also be 
used as joists ^bflA»nrinjr being of bundles of tamarisk or 

of poV'ered wdth clay and grass. The a butments can be protected 

^Jifom a K;four bj' sand bags or bags full of stones. 

301. In the hills temporary roads consist of a narrow road excava- 
ted in the hillside either for foot traffic or for pack animals, and tor 
such roads nothing special is wanted beyond l ytain iug and b reast watfe j^ 
except wdiere oliffs must be negotiated or streams crossed. U.sually cliff 
faces arc avoided by going over them at a stc‘(‘p grade and streams are 
negotiated by crossing them by simph' bridges at favourable points, hut 
sometimes a cliff face cannot be avoided and a cliff gallery- has to be 
made or the road has to be carried through in a half tunn el cut out of 
the hillside. For narrow g nlleries iumf>ers driven into the rock face 
at)d carrying three or more sal ‘‘ hallis ” or pine- logs lashed to them by 
wite may be used, the jumpers being driven in at distances apart which 
ilepenil on tbuir strength and that o£ tbo ** Mit ” and tliv weight 
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carry. Over the “ ballis ” cross-planks form the rondway. For a wider 
cradles would have to bo anchored to the rock, or suspended by road wire 
ropes from jumpers driven in higher nj) the cliff face, beams b(*ing laid 
from cradle to cradle to carry the cross-planks of the roadway. 

302. A full description of a cliff gallery and of the subsequent 
substitution of a roadway blasted out of the solid rock is given in 
paragraphs 81 to 83 of the College Manual on Roads, 7th edition, which 
are hero reproduced as being of interest to the road engineer : — 

“ 81. q ueries , — By reference to Figs. 46, 47, 48 the construc- 
tion of a Gallery (as this kind of work is called) w'ill be readily under- 
stood. It is supported by cradles at, say, 20 f(^et apart. These cradles 
are each composed of either three or four iron bars or jumpers J, J 
(according to the breadth of the cradle) let into the fag^xd:.-iba.x]iff at an 
angle of about 45°. The jumpers should have a fair hold in the cliff of at 
least 2 feet or 2 feet inches, and a projection from the face of the cliff 
of about 2 feet 6 inches or 3 feet. They carry a wood stanchion cap Q, 
which is secured by large spik<^s to the heads of th(*. which 

are for this j)urpo.se “upset” and fiatt(‘n<Ml at this part. In the angle 
between the iroi] ritanfthion i and the cliff a lu^avy block of w^ood, the 
cradle sill block B, is securely jaiiiUicdr- Into this are footed, by mortise 
and tenon joint, the posts P and struts 8 of the cradle : and on the heads 
of posts and struts are jointo(^th(' cap pieces (J : the cradl(‘ is stnmgthened 
by bKajjingj)ieces T, tying >cap, post and struts tog(dhor. Th<^ ends 
of the caps nearest to th(‘ cliff are tied into the cliff by iron bars or 
straps A. For ordinary pur{)oses, when the gallery passes along the 
face of the cliff, the lings ^ etc., as shown in the drawings 

will be ample, and it is only in such cases as a reg ^ in the rock, or 
whore a pier for a bridge is required on the face of the cliff, and the' 
road inclines to it at an angle, that any modification of the example 
given is necessary. Such modifications as these can, of course, only be 
determined from an examination of the spot. All stirrups and horizontal 
cap pieces connecting the heads of the struts with the upright posts should 
be secured by iron straps or bands let into the cliff and secured by lead. 

The cradle s may bo put up at convenient distances apart, there being 
no necessity for adhering to exactly the same sgags^^ for the bays, provi- 
ded that the distance bo not so far increased as to necessitate too heavy 
sc antli ngs for the roadway beams spanning the spaces between them, 
and by varying the distances advantageous spots for the construction.,,^ 
the. cradles may be secured or disadvantageous ones avoided. 

6-foot road there should be three girders which may cither he placed 
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the same distance apart, or the two inside ones placed closer to each 
other ; for on the face of the cliff it will be found that decay will set in 
earlier in the inside one than in the outside one, on account of dripping 
water, etc,, and it should always bo an object to relieve it as much as 
possible of weight. The planked roadway should have a sprinkling of fine 
gr^J^el thrown on to it ; but as this is not always to be procured in the 
hills, a very thin layer of fine broken stone mixed with earth should 
be spread. If the galler y is not constructed with a uniform level 
throughout, but undulates according to the facilities or rapid construction 
offered by the cliff, tliin strips of wood should be laid across, before having 
the earth spread, sq as to rtmder traffic more secuire in wet weather. 

82. The crossing d(‘cided iipoii for the construction of a gallery 
across any cliff should be the one that contains the greatest number of 
broad natural ledg('s of a f(‘w feet in width as th(‘ work can then be 
completed to ('ach oik^ of thes<‘ ledgers, thus forming a roadway for the 
transport of mat(‘rials to the porl.ion of <diff beyond. Having selected a 
line for tin* gall(*rv as A, B, (dc., tlu' next op(‘i’ation will be to set 
men to work to fix th(‘ jiinipers from which to susjHmd rojx's and jdanks, 
Th(‘ Hr'<t thing to b<‘ doin' is to get a good clitV climlx'r to get out to A, 
wIk'IX' a bob' will be bonxl in tin' cliff’ and a jumpc'r h't in. To effect 
this, h(‘ may b<‘ loy (‘r(‘(l by ro]x's from sonu' accx'ssibh' point above, or 
arm(‘d with a hammer and long spikc'^ he may work his way, driving in 
sj)ikcs for a Foothohl. to sonx' trfx* or jirojecting crag on the cliff*, where 
h(‘ can g<‘t a more s(*cnre s[>ot for driving in a junqx'r. Tlx' cliff* climber 
will then (‘ndf'asour to get to B, ami n‘p<'at tin' opc'ration. and so on 
with BetW(‘en these 

Fig. 49. 



lepers, and r^'sting on thorn, a htrrie will be placed, The kurries arc 
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lashed to the jumpers, and workmen lashed to the kurries on which they 
arc seated while drilling holes into the rock. If the first points, such as 
A or B, arc above the true line, ropes will be attached to the jumpers at 
A and B, and plank s suspended thered'rom : on to these suspended and 
swinging planks the workmen will be In^hrV But, supposing, there are 
50 or 60 feet of smooth perpendicular cliff in advance of on to D, then 
the cliff climber will scal(‘ the cliff to get to a place where there is standing 
room at D. At this point another bar will be let in, and a rope bridge 
suspended between these two points will enalde men to be set to work to 
bore and let in bars at E, F, G, while the bar H will be s(*,cured at the 
same time ; and thus a temporary line of communication will be opened 
across this portion of the cliff, and in advance of H the same operation 
will go on. Though this is an exceedingly dangerous operation, there are 
few good cliff climbers who pi'ide themselves on their activity apd powers 
to climb to apparently inaccessible places, that will c's-eV hesitate to go 
wherever they can hang with only their fingers and toes ; and when oncts 
the temporary foothpath, from 4 to 10 inches wide, is opened across the 
cliff, an oftic(‘T can go and select the sites for the cradles. In some places 
perhaps kiirrte^ cannot be laid and it will be necessary to lower or raise 
oneself by a rope secured to an iron bar let into the rock some height 
abo> e the proposed level of crossing. Great care must always be exercised 
in crossing this temporary footpath, for it not infroqucmtly happens 
that there is a sheer perpendicular drop of 500 or 1,000 l'(‘et below. 

83. Such galleries can be expeditiously constructed and enable com- 
munication to be oj)cncd rapidly across long stndch(‘S of precipice, which 
would bar the progress of a more permanent road for many years. They 
arc consequently invaluable for the first oiKming out of a new road ; 
but they should be regarded as only tempoi’ary (‘xpcdieiits, to I )e eventually 
replaced by solid walling or blasted out half tunnels. 

The following description refers to the sul)stitution of roadwa 3 .s 
blasted out of the solid rock for the wooden galleries that were first 
erected on the Hindustan and Thibet road. 

TheRoglclifl being the most J difficult on the line, it was (Ictermiiiecl to cummcucQ 
'flth it first, The altitude of the roadway on this cliff is alx)ut 9,500 feet above sea 
level* 

Fortunately, from the method adoi)tcd In first conslrucling galleries along this clifl, 
there were above the level of the gallery several holes bored for holding jumpers, from 
which ropes were at once suspended ; and men were set to work to >x)rc as many more 
holes as were necessary to suspend sufficient men for the i)roper working of the cliff. 
Thus we succeeded in getting In a row of jumpers from which to suspend the men j m 
crowded as many us po&aible on the work. The total length of this elill' in hand at 

16 



CHAPTER Xi. 


ii2 

same lime Wiis between 300 and 40U lVct,xni the face f)f which from 400 to fiOO men were 
subpeiided for a period of nearly four months, the number gradually decreasing as the 
roadway was worked out. ^ 

The liogi cliff is of very compact gneiss. Its JaminutioS is found in every direction, 
being cither horizontal, circular, vertical or oblique. The "most provoking part was that 
for a long time, work it as we might, nothing but eontimuil sealing occurred, which was 
trying to both temper and patience. Tt was certainly a magniticent sight to sit opposite 
to the cliii and watch tlu‘se men working with apparently as much case as if they were 
on a 6-fool roadway. Hut bow much indeed dej)ended upon the rojics on which they were 
suspended, for as many as fourteen men were sometimes oti one plank, and we were not 
overabiindaiitly ju-ovided with lope to supply the place of pieces considered unsafe. 
Along the pi’oposcd level of roadway a row ot crowbars was sunk, on which a kiirrie or 
plank footway rested so as to allow of our crossing to inspect the work, as well as to enable 
the men to go backwartls and forw’ards. This footw^ay wuus never wdder than the breadtli 
oJ a plank, and very frequently not wider than the breadth of a kurrie. lONcry day the 
direction at the mines luul to be altered according to the result of the previous ilay's work, 
and as a rule, nearly every yard in length required a different treatment. 

Where scaling w^eni on, it was necessary to abandon any attempt at tunnelling or 
scooping out, and to cut <lo\\ii from a bciglit ot alx)ut 20 feel. Tlic ffrst mine by this 
arrangement generally produced a little sealing . another sunk immediately behind 
increased the line of least, resistance ; and after tw'o or three mines were fired, scaling may 
be said to have stoi)ped, and small mines and WTak charges were then resorted to. 

In places w here the la mina tion was horizontal, the scooping out or half tunnelling 
commenced from near the level of the roadway upw^ards. Hut- it was not always that 
the eftect ot the mines on the cliff could be noticed : and as might be exi)ected from the 
nature of the dill', many mines w'orc fired w'itliout tlie slightest result. 

Our ehai’g(“- tor blasting in ordinary places worc-- ^ - — =(diargc in lb„ Imt as it 

1 5 

Was desirable that every stone disturbed in the cliffs should be got rid of, so as to reduce 
the necessity for the use of ( srowbars , which in many places (;ould not be used, and in 
others not without the risk of their falling on one of the w’orkmcii, the chai'gcs were 

increased to — , wliich worked with excellent effect, splitting the gneiss generally 

into small blocks, and throwing them clear of the work. 

The result of experience on the Tlogi cliffs is. that it i.s iihvays preferable to work 
from a certain height aboA-e the level of the propoSdS roadway, not only for the purpose of 
tunnelling out, but because the men are so much sooner able to obtain a footing on the 
cliff. This plan of cutting from a height of about 20 feet above the proposed level of road- 
way has been tried with excellent effect upon the Maizong and other cliffs, and is now 
generally adopted in all the rock cuttings. 

The blasting; on the llogi cliffs cost on an average Hs. 20 per running foot for the 
whole of the cliff ; but there were portions that cost over Rs. 40. whilst the average of the 
Maizong cliff, (ff* the same material, but difl’crciitly stratified, w^as Its. 12 to Ks. 15 perfun- 
ning foot. On these cliffs there w^ere a few places where the cost was about Hs, 30 per 
running foot. By cubic measurement, the cost of blasting on the cliffs was nearly Rs, 15 
per 100 cubic feet, and the w^iiUing from Jvs. 5 tolls. 8 per 100 cubic feet.’’ 

303. The (Jollego Manual on Itoacls, 7tli edition, nays that tlio maxi- 
mum gradients for certain roads should be— 

foot Path for coolies, ... ... ... 1 in 6 

' Bridlepath, ... ... ... ... 1 in 7| 

Mnle Boad, ... ... 1 in lO 

Camel Bhftd, UnlS 



I^AHTH KOADs— TKMPUKAKY RAOD^i— BRIDLE HoADfe, 


btii the average gradient should be— 


Foot Path for coolies, 


• . . 

• . • 1 in t ^ 

Bridle Path, 


•1 • 

... 1 in 10 

Mule Hoad, ... 

••• 

... 

linl6 

Camel Road. 


... 

... lln^O 


and the Military Works handbook proscribes — 

(a) For a mule road : — 

Ruling gradient 1 in 7 with a inaxiiniun of 1 in 5 for lengths of 200 
feet or 1 in G for 300 feet, i)rovided that- corresponding and adjacent 
lengths have grades of 1 in 0 and 1 i]i 8 and the total rise in a mile is 
less than 750 feet. 

(h) For a camel road : — 

Ruling gradient 1 in 10, with a maximum of 1 in 8 for short lengths 
less than 400 fc*et, provided that a similar and adjacent length is 1 in 12 
and the rise per inil<‘ is h'ss than 500 

304. It is seldom that roads are built for one fornvof a i4*aftic only, 
as mules or canuds. The engineer is usually asked io design (1) a cart 
road for camels and country carts and ekkas, ^^hicll may later on be 
convert(Hl into a metalled road for tongas or for motor cars, or (2) 
a bridle road for foot ])assongers and j)onies and mules, and he will get 
a very comfortable bridle road, if he adopts a grade of 1 in 10 and can 
so arrange as to ke('p th<‘ rise per mih* nmler 500 feet. For short 
lengths of 400 f(‘et grad(‘s of 1 in 8 may b(' admit! ed, |)rovided 
that there is a similar and adjacent length with a grad(' of 1 in 
12, Many bridle roads have ste<*p(‘r grades than thes«‘, and, if Funds will 
not admit of the use of easi(*r grades, thos(‘ given for a mule road in the 
Militai’y Works handbook may be adopted. 

305. It used !o be !ho fashion to mak(* all bridle roads with an 
outward slope, and if funds aw» very scarce or if a road must be made 
quickly, this method of fonniug tlu» road surface may b(‘ adoj)lt'd ; but the 
road cannot bo exj)octed to lx* kept in good order foi- very long without 
much atbmtioii. If the outward slope is made out of the original rock of 
the hill side and covered over with good soil, this soil will soon he 
washed out and the result will be that a very uncomfortable and 
dangerous travelling stirface- will be left. Even if the road is formed 
with an outward slope by excavating the rock to an inward slope of 1 in 
10 over which good soil is filled in, the road will rf*c|uire a great dejil al 
maintenance. The proper section for a bridh* road is the s(‘ction with a 
crown and an inner drain from which the water is led away through scuppers 
and culverts. This section was adopted by Mr. H. J. Oliphant, Executive 
JJngineer, Kumaun, and Mr. 0. OlliiF^Lee, District Engineer, Nairn Tel, 
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and found to be very successful in practice. Iiuittnkin|^ a road of this 
section, the rock of the hill side should be shaped' to aiT* Inward slope 
of 1 in 10 in a width of 10 feet it whichl^J. foot is reserved for the drain 
and 9 feet for the travelling surface. The drain having been fdrmed, 
stones of about 1^ inches and earth arc laid over the rook surface and 
brought up to a level with the outer edge of the road. Over this filling 
smaller stones and soil are laid to a width of 9 feet and a crown of 
4'| inches, which gives an average slope of 1 in 12 from the centre towards 
the «dgns. A high crown is not good for a road, since it tends to bring 
all the traffic to the centre of the road and makes the margins of the 
roadway dangerous, ljut if the 4^-inch crown is found to bo too small for 
the drainage, it can bo increased to some extent, say, to 6 inches. 

306. This seotion'is for a road without parapets. \^ere parapets 
are necessary, -the road <!xcavatiou should be 18 inches wider, the travel- 
ling surface being kept at 9 feet. With a 4^-iil|ih crown the road surface 
should not need what are known in India as panl-attas ” (water-cutters), 
but if these are found necessary, they should inclfnp from the centre 
towards each edge of the road at 4,5° and be placed at suitable distances 
apart such as the square of the gradient, e.fi,, 100 feet for 1 in 10. They 
should be of stone 1^ inch(!s thick, sunk into the road to a <lej)th of not 
less than 12 inches and with theii- to}) edges h'vel with the surface of tin* 
rpad. The road surface on the U])per aide of t)ie ‘■'jmnkattas'^ should he 
slightly dxig out. 


Fig. 60. 
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308. Parapot walls for bridle roads j^re generally made of dry stone 
masonry in short lengths with spaces between them to pass the outward 
drainage, or large rocks .are arranged to form a parapet, or wooden 
railings are used, or reinforced concrete posts with horizontals of strong 
wire. Wooden railings are a mistake for travellers, convert them into 
firewood, or they rot and become dangerous. Wire breaks and sags 
when coolief rest their loads on it, and it cannot be replaced easily in out- 
of-the-way places. On the whole, stone parapets arc the best, but they 
need to have a coping of stones in lime mortar or of reinforced cement 
concrete, or the stones will gradually disappear. 

309. Scuppers should be placed in firm soil whenever this is feasible. 
They should be spaced at small intervals and can be very cheaply 

by cutting a channel 18 inches^wide in the rook and putting slabs over It, 



m 


CHAPTER XI, 


All culverts should have catch pits on the up-stream side and their floors 
should be protected with reinforced concrete slabs if they are likely to 
scour out. Stone culverts are the most suitable for places where ^ood 
stone can bo ffttind, but reinforced concrete can also be used, and with it 
bridges of considerable span can bo built. Sometimes it is necessary to 
put up suspension bridges on footpaths or bridle roads. A scientific 
suspension bridge with stiffened girders is the best ; but these cost money, 
and it is often sufficient to build suspension bridges in which the road- 
way is carried on cross beams and two longitudinals supported by 
suspension roads held up by steel cables, the railing being a railing and not 
a stiffened girder. The cable anchors should be so placed that they can 
be inspected at any time. This can be done by allowing a passage in the 
anchor block for this purpose. 

310. Repairs to bridle roads resemble those vu'cessary for cart roads 
in the hills, except that there is no metalling to renew from time to time. 
Instead there is the constant replacing of “ hetpi and soil on portions of 
the surface worn down by the traffic, and in this work a rake should play 
an important part, or the surface will got covered with larger stones than 
are required. To get the work properly done there must be well trained 
permanent V gangs moving from one road to another mending the surface, 
clearing slips, attending to pankattas^'^ scuppers, culverts, and every- 
thing else that needs attention, as drains, retaining walls, breast walls, etc. 
They would not, ordinarily, repair retaining and breast walls, but they 
could bring to notice matters needing attention, 
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DUST PUEVENTION AND MODERN ROADS. 

311. Kankar I'oads and water bound macadam roacfs are great dust 
producers, and also inaeadain roads, especially those which have been 
made with a excess of binding or blinding material. 

312 It is usual to lay the? dust in large towns by watering tln^ road 
surface, a very expensive and inefficient metliod of dust prevemtion and 
one that, more often than not, ruins the road, for in many j>la(?es gentle 
sprinkling is not adopted, but, instead, the road surface is overflooded 
with water which ludps the traffic to create*, mud ; thus damaging the 
surface and making more dust when the water dries off. ‘‘Bhisties'’ as 
a rule, sprinkle a road (*ffectively, but the ordinary inimicipal watering 
cart pours the water out in too liberal a stream instead of in a spray. 

313. In some place's spraying is done throngli proper nozzles on a 
hose pipe attached to the hydrants of the town water-supply, the pressure 
b(‘ing sufficient to [)roduce a spray ; occasionally wat(*r carts ar(*, fitted 
with a ho 5 >e and sprfty, or with a pressure pump which helps to produce 
a lin('. drizzle, but more often than not, the water reaches tin*, road surface 
in a stream, spoils it for traffic while wet and does damage which is 
permanent, for it lielps the traffic to wear away the road. 

314. Sea water is sometiiiK^s used as a j)al]iative, but the salt in the 
water produces a kind of mud that daniag(*s carriages, etc., corroding 
the metal in them, and though the road surface remains damps longer 
when sprayed with sea water than when sprayed with plain water, its 
surface suffers more, as the sticky mud j)roduced tends to loosen the 
stones which are picked up by ]>assing carriage wheels. 

31»5. Calcium chloride, either dry or dissolved in water, has been 
used with some success as a dust preventive in damp climates, but its 
effects are temporary. It can be obtained in granulated form or in a 
solution wdiich can be diluted as desired. About three-quarters of a 
pound per square yard of road are first used and, at intervals of two 
months, about half as much or a total of 3 pounds a year, but more is 
required in exposed situations. When applied wet the calcium is 
dissolved at the rate of one pound to one gallon of water, using about one- 
third of a gallon of solution per square yard of surface. It is clean and 
odourless and easily applied where a supply of town water is available 
for distribution through hydrants, but it cannot bo used where water 
diffioult to get, Such compounds as Akonia/’ Lymanite/’ etc.^ 

«re patented nulutioos, give results resembling oi calcium 
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316. Oils and oil emulsions are sometimes used to combat the dust 
nuisance and their effects arc more lasting than those of chemical salts, 
but they are, nevertheless, temporary and the emulsions do not help 
to preserve the road surface from damage. Of oils those which contain 
the largest proportion of asphalt give the best results, such as the oil 
which California produces and which contains from 60 per cent, to 84 
per cent, of practically pure asphalt. With this oil in such a climotc 
as that of California, which has long hot rainless periods, it has been 
found possible to make roads, called petrolithic roads, by mixing about 
4 gallons of heated asphaltic oil containing about 75 per cent, of asphalt 
with each square yard of sandy or clay soil loosened to a depth of 6 
inches, the mixture being consolidated with a special roller with many 
projecting feet into a solid and smooth layer which is durable and 
dustless. 

317. Petroleums with lesser asphaltic bases are obtainable from 
Baku, from Galicia, and from Borneo, and are mainly valuable for their 
volatile parts, but leave residuum which is good for road work after 
distillation has removed the naphtha, gasolene, illuminating oils, and 
other elements which would be bad for such work. Oils that have a 
paraffin base or a naphtha base are useless. They smell and do not 
bind, and create a slippery surface on the road. The residuum of an 
oil light in asphalt is best suited for road work when the distillation is 
done more slowly and at a lower temperature than is usual when the 
production of gasolene or illuminating gas is the main object. Petroleum 
residuum or fuel oil, as it is sometimes called, needs to be tested before 
use in order to ascertain if it contains 25 per cent, of asphaltum at least, 
and it will be better for use in road work if it contains 40 per cent. 
The amount of contained water should not be more than 2 per cent. 

318. Oil was used on the surface of kankar roads at the Allahabad 
Exhibition in 1910, and at the Delhi Durbar in 1911, and full notes of 
the methods adopted arc given in Appendix 2, which also contains a 
note by Mr. J. Mackeson, b.sc., a.m.i.c.e.. Executive Engineer, on 
done for the Bombay Municipality. 

319. Oil emulsions are easier to apply than oils, for the emulsified 
mixture can be spread by means of an ordinary watering cart or a 
sprinkler or sprayer ; it can bo put down in any weather, except during 
heavy rain, and its application does not interfere with the traffic. In the 
case of oil, the traffic has to bo kept off the road for two or three days 
till all the free oil has been absorbed and care is required to preserve 

iloDg tli0 roadside from its effects ; Aud these difficulties Uv« Isd 
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to tho use of emulsions which soak into, the road quickly, but some 
emulsions in which acids or alkalies arc used produced dust, that is, 
irritating, and their use has been discontinued for this reason, and most 
engineers prefer oils to emulsions of oil. Of these ther<i are many 
patented forms of varying merit and durability. 

320. Oil gas tar or water gas tar, a by-product of the manufacture 
of carburetted water gas from the asphaltic residuum of Russian petro- 
leum or other similar residuums, makes a good dust palliative, hut does 
not stand heavy traffic or heavy rain. It can be applied cold, but is 
bettor applied hot. Being light it flows easily and is usually put on from 
hand sprinklers. Tis results arc only temporary. 

321. Tar pai nting is the next step in dust [>re volition and it helps 
road maintenance too, for there is now little doubt that an annual surface 
coat of good tar gives increased life to a broken stone 'road. Before the 
advent of motor cars water bound macadam roads were all that could be 
wanted for ordinary traffic, provided they were well made. Motor cars 
increased th<^ dust nuisance, being dust raisei\s, and caused deterioration 
of the roads. The former led at first to th(‘ us(‘ of palliatives chiefly 
composed of chemicals. The latter required something more, and it was 
found that annual tar painting, properly carried out, helped not only to 
lay the dust, but to keep the surface of water bound macadam roads in 
good order. 

322. With the introduction of th(‘ motor lorry and the motor omnibus 
roads of tar macadam, and of asphalt, were found to be necessary in some 
places where, the traffic was very heavy, and a tendency arose* in England 
to adopt them even in places where the traffic was still comparatively 
light. Experience has shown that this is not nec(‘ssary for on well made 
water bound macadam roads, carrying ordinary traffic, tar painting or 
spraying is effective if it is renewed yearly. There are, in England, many 
roadg which carry nothing more than ordinary traffic, but in towns, the 
traffic will heavy. Where this is the case, better road coverings than 
water bound macadam, tar painted or tar sprayed, must be adopted. 

323. It is only in some of the larger towns of India, in which there 
arc not great extremes of climate, that tar painting may be required or 
better road surfaces needed, since the traffic on district roads is not, as a 
rule, heavy, and the cliinutc in many parts of India is against the use of tar. 

324. Good tar properly applied is the best form of dust preventer 

and road saver in England when the traffic is not inordinately heavy, but 
it bafi been found useless to use any tar that is obtainable and to lay it 
oa for the tar, in order to do good to the road^ must be thtt boil . 

17 
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possihlo, it must be laid in clear atod warm weather on a clean and dry 
surface and in a rapid and thorough manner. 

325. Tar is an indefinite term, for tar can be obtained as a waste 
product in the manufacture of gas from bituminous coal, and it can also 
be obtained from works manufacturing gas from oil, etc. The former 
may prove good for road work, the latter will not. Yet it needs an 
expert to tell one from the other or from a mixture of both. Even at 
coal gas works, the coal gas tar will vary with the chiss of retort used, 
the quality of the coal, tin* temperature of distillation, and nudhods of 
treatment generally. Distillation at a high t(‘m])erature, which is 
favourable to the j)roduciion of gas, produces a high percentage, of pitcli 
in the tar, and too much pitch in the tar renders it imsuitahle for road 
work, for it will bccoim* brittle after setting and will be liabh* to Ik; 
crushed into powder by the .traffic. This powder is wors(* than the 
ordinary road dust. If the distillation is not carried far, the volalih; oils 
which remain in the tar will be adversely affecte<l by the atmosplic^re and 
will possibly cause disintegration of the road surface. The need, there- 
fore, for very clear specifications is apparent, and the Hoad Board 
in England has laid dowm precise instructions about the quality of the 
material and the methods of using it. Their specifieations and instruc*- 
tions will bo found in Appendix 3. 

326. Tar, as it comes from gas works, is “ crude tar " and contains 
Volatile matters that would be injurious and have;, therefore, to be driven 
olf in order to produce “refined tar.” “Tarvia'' is an example of a 
prepared refined tar which is much used in America. In England f3are\H 
patent tar-compo “ Improved Dustroyd,” when tested by the English 
Hoads Improvement Association in 1917 at Reading, was found to give 
good results. There are other patented compositions, but on the whole, 
tar, if it is of the right quality, is as good as any. 

327. There are advocates for tar painting and advocates for tar 

spraying. For instance, Mr. H. T. Wakolam, m.i.c.e., etc., the (bounty 
Engineer of Middlesex, speaking at the County Councils Association Road 
Oonfcrcncc in 1909, said that, as a palliative at relatively small cost, 
there was nothing, in his opinion, that could equal tar painting by hand, 
but the climatic conditions in England would not admit of tar painting 
being done by hand to a great extent, and the next Ixsst thing he had 
found was spreading with the aid of horse machines. This was not so 
satisfactory as hand painting, but they got a life very much longer from 
bom machine painting than they did from painting by meohanical spread- 
frfi Mri Dryland, tha County Purveyor of Surrey, said 
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that there seemed to be a general (Mnsensus of opinion among Snrveyors 
who should be the most eompetont judges, that \vhat is known as applica- 
tion by hand is tli(» most durable and offcctivo. Mr. Thomas, 

County Surveyor, Buckinghamshire agreed that hand painting was very 
effective. 

328. On the other hand. Colonel Crompton, b.e., said that with 
machinery the road was dried and brushed and subjected to a strong 
blast of hot air, which thoroughly cleansed the surface and left it in a 
state to drink in the tar, which practically disappeared into the road, 
very little being left on the surface, and roads which used to be coated 
by hand every year did not after this need an annual coat. 

329. Mr. Stilgoe, m.i.c.e.. City Engineer, Birmingham, said that 
as far as the great towns were concerned they could nol think of waiting 
while tar painting was done by hand, because of the expense of watching 
and lighting. He was of opinion that when the tar was applied under 
pressure, it had a more searching effect and he felt ecirtain that, where 
good results were obtriined from tar painting, and he had obtained them, 
ihey had been duo to the fact that th<‘ tar used had been boiled and 
refined in the process. If crude tar was used in the tar spraying machines, 
it yvould not give as good results as refined tar. Mr. Phillips, A.M.i.o.B., 
County Surveyor of Glamorgan, mentioned the case of two lengths 
of road which had been treated with tar. The first section was done 
by hand with gas tar, thoroughly boiled, and the work cost for two 
coats and sanding slighily under \d. per superficial yard. Part of this 
length was of granit(‘- and jiart of limestone, and the former gave 
the better results, but in both cases the abatement of dust was attained. 
Subsfjquently, another section was tar spraycul by machine, and though 
this was carried out at a less cost, namely, about per superficial yard 
for two coat work, it was not quite so lasting as that done hy hand. 
Xn both cases, however, the trials were successful, and there is no doubt 
that the preserving effect which it had on the roads treated more than 
justified the expense, as the treatment added at least 12 months* life 
to the roadway. 

330. Mr. Yabbioom, m.i.c.e., (fity Engineer, Bristol, described three 
methods of tar treatment of roads. In the first it was applied by in<*ans 
of a heavy traction machine travelling at about 2 miles an hour, the 
tar being sprayed over the surface of the road through nozzles under 
pressure, the surface having previously been brushed clean. As soon 
as the tar had been distributed, a thin coating of fine sharp sand was 
scattered over ft, enabling the road surface to be used almost imuiediately. 
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The oosi was about *95^. per superficial yard. In the second oaia» the 
work was done by means of a portable hand spraying machine of simple 
design and easily worked by two men, but having the disadvantage of 
needing to be taken to the depot frequently for refilling, or to be accom- 
panied on the road by an ordinary tar boiler. The force of the tar, too 
through the delivery holes was scarcely sufficient to cause as much pene- 
tration of the surface of the macadam as is necessary where there is 
considerable wear and tear. The cost of the work was about *58^ per 
superficial yard. The third method was tar paintipg by hand. Far more 
tar was used in this process, the result was not so even, and the work 
was slow. The co^it was about l*41rf. per superficial yard, 

331. Mr. E. P, Hichards, m.i.c.e,, and Chief Engineer, Calcutta 
Improvement Trust, in a paper on “ The prevcmtion of dust in Indian 
City Roads and Streets ” which was read at the All-India Sanitary Con- 
ference at Madras in 1912, writes - 

“ About 95 per cent, of the total length of tar treated roads in 
Europe are found to be tar sprayed or tar painted.’* 

* <1* !|f # # 

» 

Tar spraying is nearly always superior to, and more economical 
than tar painting, and 90 per cent, of the above 95 per cent, of Eur.o- 
pean tar treated roads are of tar sprayed macmdam. Tar spraying can be 
done very successfully in India if the right plant, the proper tar, and 
correct methods are iised.^* 

“ I am confident from observation here and in Europe that the high 
pressure tar sprayer is the be>st machine for India,” 

332. There are several forms of tar sprayers on the market, of which 
one of the best is said to bo “ Aitken’s patent pneumatic tar spraying 
apparatus ” by which the tar can be sprayed und(U’ sustained pneumatic 
pressure sufficient to cause penetration to a depth of one to three inches in* 
to the surface of n used macadam road. This is fully described in Aitken’s 
“Road Making and Maintenance.” It can be motor driven or horse 
drawn according to its size. Another machine is the “ Tarsprn ” made 
in three sizes of 200 gallons, 700 gallons, and 1,000 gallons capacity each. 
Still another is the “ Lassailly Johnston Tar road binder ” which distri- 
butes hot tar by gravity flow. 

333. Tar macadam is essentially a layer or layers of broken stone 
bound with tar which may be placed below the stone before it is rolled, or 
above it, or, again, may be mixed with the stone before this is laid on the 
yoadi The stone aggregate sometimes gives place to slag, or to refine 
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deriruotor clinker, and some other suitable matrix will sometimes replace 
the tar, A further method, which is known as the Gladwoll system, Is to 
sandwich the stone between two layers of stono chips treat<*d with 
Tarvia.” 

334. The first method uses much material and requires more labour 
than others and it is seldom used. The second method of spreading the 
metal first and the tar over it, known as grouting, requires warm sunny 
weather. The stone is spread in a layer and lightly rolled when dry and 
has boiling hot tar pourim over it from buckets, or by hand sj)rinkling, or 
from a pressure cart, the object being to grout the road stones after they 
are partially rolled. The surface is finished by spreading stone chips 
over it and well rolling tin* whole. The trouble with this method is that 
the tar, which flows easily when hot, runs down to the bottom of the stone 
layer and makes it difficult to s(|Dure uniformity in the matrix, with the 
result that the tar is liable to become troublesome and sticky in hot 
weather. The cold stones, too, serve to chill the hot tar which tends to 
peel off them. 

335. The third method, that of mixing the stones and the tar as 
concrete is mixed, is the one that is usually known ns tar macadam. The 
proportions of stone and tar may vary, the ston(‘ and tar specifications 
may differ, hut the principle is always the same, that is, that the stone 
requires to he thorouglily dried by heat and the tar requires to he refined 
before the two are mixed together. The stomps an' sometimf^s dried on 
cast-iron plates 4 feet by 3 fe(‘t by 1 inch thick fixed about 2 feet 
above ground level and supported on 4^-inch dwarf walls of brick, 
provision being made by means of openings in the walls to allow thf^ heat 
from the furnaces to circulate freely under the floor. The drying floors 
are about 24 feet by 20 feet in size and are roofed. Large coppers of 80 
gallons each are placed at one end of the building, and in these the tar is 
boiled for two ‘hours or more, any pitch or creosote oil required being 
added. The mixing is performed by spreading the stones in a layer about 
six inches deep on the iron plates, and w'hen they are dry and warm adding 
the hot tar and turning over the mixture till every part of the material 
receives a coating of tar. In the road work is to h(‘ done in three layers 
eight or nine gallons of tar to a ton of stone may b(‘ used for the first and 
second layers, and for the third coat ten to twelve gallons of tar to a ton 
of material. The mixed materials are usually stacked in lumps and left 
for a few weeks to season. 

33C, The road foundatioru-should be properly shaped and rolled 
before the mixed materials spread on it, Sometim^^s two layers are 



lU 


OHaH^UK %iU 


used, but often only one layer of tarred 2J-inch or 2^-mch stone is pflt 
down of a thickness calculated to roll down to about 4 inches, and after 
this has been rolled, a toj) layer of tarred | inch stone sufficient to fill 
the interstices is spread and rolled, the surface being finished with 
a top dressing of fine grit. Further particulars about tar macadam will 
bo found in Appendix 3, 

337, Hand mixed materials appear, as a rule, to be stronger and to 
wear better than materials mixed by machinery, and many engineers 
arrange to have the mixing carried out under their supervision and 
orders ; hut it is also j)ossible in England to jmrchase the materials 
ready mixed at the quarries. When this is done, it is necessary to work 
to very ch^sar spc'cifications. Many firms carry out work with their own 
patcnt(id specifications and guarantee to k(M*p th(' sui facie in order for a 
fixed period. 

338. The system of using tarred furnace slag was introduced 
by Mr. E. P. Hooley, County Surveyor, Notts, and patented as 
“Tarmac/’ This has been used extensively in large towns and gives 
satisfactory results on roads subjectc^d to considerable traffic, including 
motor omnibus(‘s and traction engim^s. It is exi)ensive, as is tar macadam, 
and cannot bci used economically where tar j)ainting on wat(u* bound 
macadam will keep the surface in good order ; but it justifies its us(‘ in 
many situations. The Company’s works are at Wolverhampton and include 
a distillation plant for ])roduciiig tar that will give tlie best n‘sults as 
regards binding and weath(‘r resisting properties. Tlie slag, obtained 
from iron works close by, has a v(Ty rough surface, is porous enough to 
retain and hold the mixture, and has great strength. “ Tarmac ” is 
made in three gauges : — 2^ incluNs (includes 2^ inches to l|-inches), 1^ 
inches (includes inches 1o inch), g inch (includes f inch to 
^ inch),' and is sent out from the works in the f Company’s own 
trucks for immediate use. The Company havr^ two standard specifi- 
cations ; — No. 1 providing for the use of 2| inch(‘S, inches and g inch 
gauges ; No. 2 providing for the use of 2^ inches and f inch gauges only. 
No. 1 specification, “ Tarmac,” should be applied in two layers, the bottom 
layer consisting of 2i inches gauge, the top layer of inches gauge, each 
layer being separately consolidated with a roller of about 8 to 10 tons 
in weight. The surface of the top layer, after half consolidation, should 
be well sprinkled with f-inch material, so as to fill all the interstices, and 
again rolled to complete the consolidation and give an even and water- 
tight surface, being afterwards blinded with slag, or other suitable grit, 
at the rate of 1 ton to every 250 square yards of road surface. The 
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thickness of each coat for total thickness of 4^, 4, and 3 inches would 
be — 

For 4^ inches — bottom coat 2^ inches, top coat 2 indies. 

19 d ,, ,, ,, 9^ 19 91 H „ 

in 3 ,, ,, ,, 1 ,, ,, ,, 1 

Tarmac is not likely to be much used in India on account of its cost* 

330. Of late years it has been found possible to us(‘ prop('rly-pn‘j)arod 
refuj^C..destni ct t>r .clinker inst(\ad of stone or sla^, and many good roads 
of this material liave b(*en made in licckenham, Worthing, etc. Tlu‘ 
clinker at Jieckenliam is crushed, and the dust and small stuff having 
been remov(uI, the remainder, in pieces varying in gaug(‘ from 2^ indies 
to 1 inch, is thoroughly mixiid with tar and allowed to mature in the 
open for thn^e or Four months when it is “ freshened with more tar 
before being laid on the road in a b-indi layer, whidi is consol idat<‘d to 
3^ inches under a lO-ton roller, a ^-inch top dr<\ssing of small liuK'stone 
f to ^-inch gauge, being spread over and thoroughly rolled. 

340. Ho far tin*. improvem(‘nt of roads by using tar has been 
consider<‘d. It remains to deal with the use! of asphalt as a matrix. 
Asphalt is th(*. solid form of naturjil mimiral bitum(*n. Bitunum is a 
natural hydro-carbon mixture of mineral occurrence, wid(dy diffus(»d in a 
variety of forms from a light gas to a solid. Bitunum consists chi(‘fly of 
two parts : — (1) potrolcnc, yellow and oily, and (2) asphaltene, hard, 
black, and brittle. ' An excess of petrohme in asphalt causes it to melt at 
a low temperature and renders it deticient in stiffness, whih», a large* 
proportion of asphaltene causes it to b(*, britthj and wanting in tin* 
plasticity ami cementing power requisite for the production of a good 
pavement. Examples of bitumen are naptha, petroleum, maltha (which 
is soft and sticky at ordinary temperatures), asphalt (which is hard at 
ordinary temperatures). 

341. Asphalt is found in many localities, of which the most important 
are Trinidad, Bermudez, (Jalifornia, Switzerland, and France. Trinidad 
produces lake asphalt, the crude asphalt being dug out from the famous 
pitch lake, and land asphalt, which is an overflow from tlu*. lake and 
is of a less plastic nature than lake asphalt. Bermudez produces lake 
asphalt, the crude material containing a much higher percentage of 
bitumen than the Trinidad asphalt contains. California produces, at 
Santa Barbara, both solid asphalt and natural fluid bitumen or liquid 
asphalt, otherwise known as maltha. 

Switzerland at Yal do Travers and France at Seyssel produce lime* 
^ton^ impregnated with a low percentage of bitumen* 
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342. The pcrcc'ntagc of bitumen soluble' in carbon bisulphide Is, 
fbughly, as an average, in these rilaterials ; — 



Locality. 



(Vude 

materials. 

Ketined 

materials. 

Trinidad lake, soft, 




34 

62 

„ hard, 


• • 


38 

63 

land, 

Bermudez, 


• • 


38 

62 


• ■ 


H3 

• • 

California maltlia. 


• • 

, , 


98 

,, solid, .. 

Val de Travers limestone, 


• • 

• . 

69 

, , 
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, , 

SeysHcl 


• • 
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343. The crude asphalt of Trinidad, Bermudez, and California, etc., is 
refined by heating it in kettles, or open tanks, till the water and volatile 
oils are driven off. The refined asphalt is black and hard and brittle, 
and is chiefly asphaltene, and is of no use for road work till it has been 
softened and made adhesive by the addition of such a flux as petroleum 
residuum or as maltha. The flux should ))artially dissolve the asphaltene 
and form a cln'inical union by solution. If it is a perfect solvent of the 
constituents of the bitumen, the adhesive qualities will be lacking, and if 
it is a bad one, the asphalt will retain its brittleness. The temperature 
of the refined asphalt is raised to 300°F., the oil, previously heated to 
the same dcgrcuj, is added in the proportion required which may be 10 to 
20 lbs. of oil to 100 lbs. of refined asphalt, the proportion depending on 
the quality of the oil, the hardness of the asphalt, the climate, and the 
purpose for which the asphaltic cement is required. The mixture is 
agitated for several hours with great thoroughness, and it is customary to 
agitate it also when in use for a certain amount of separation takes place 
when the melted cement stands at rest. The mixtun' is continually 
tested with a weighted needle to ensun* a jiroper degree of plasticity, 
and when ready is used as a cement or matrix for binding stone roads as 
described below. 

344. Roads made with a stone aggregate and asphaltic cement as a 
binder are known in America as sheet asphalt pavements or monolithic 
asphalt pavements. Th^ consist primarily of (1) a foundation, a binder 
cost of broken stone and cement, and a wearing coat of cement and Siind, 
or of (2) a foundation, a cushion coat of cement and sand and a wearing 
coat of cement and sand. All asphaltic pavements need a solid and firm 
foundation, preferably of hydraulic cement concrete laid in a 6-inch layer. 
This must be well set and dry before the asphalt is laid on it, for if this 
In not the oaiei the water iu it will turn into steam and liuueycomb the 
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asphalt, which will soon ^o to pieces under heavy traffic. Sometimes 
foundations of broken stone or stone sets arc used, or the asphalt iA 
laid on a sound surface of an existing road ; but this is not recommended. 

345. A binder coat consists of a 1^-inch layer, when tinishcd, of 1 
inch or 1^-inch stoiui with very little fiiui stone in it ; for an f excess of 
fine stone needs more asjihalt to coat it, and the larger stone gives a 
rougher surface for the wearing coat to adhere to. The asphaltic cement 
is the same as is used for the wearing coat, but it is mixed somewhat 
softer. The softer mixture tends to make the coat adhere to the founda- 
tion. It is heated to a little over 30()^F., and is poured over the stone, 
also heated to 300°F., all this being done by properly arranged machin- 
ery. While, hot, the mixture is conveyed to the work, spread uniformly 
over the foundation (which must be clean and dry) and rolled till it 
adheres firmly to the surface below. 

346. The wearing coat consists of sand, asphaltic cement, and stone 
dust. The sand should be such as would be used for hydraulic cement 
mortar, sharp clean and ranging from coarse to fine. The stone dust 
may be made from limestone or any suitable stone. It is used to help in 
filling the voids in the sand in order to reduce the quantity of cement 
needed, and the amount required depends on th(' coarseness of the sand 
and the quality of the cement. The proportions of the mixture vary 
with the climate, the sand and the traffic. The ideal condition is that 
each grain is coated and all interstices filled without an excess of cement. 
The proportions may range as follows : — 

Asphalt cement, ... ... 15 to 12 per cent, 

feand, ... ••• ... ,, 83 ,, ,, 

Stone dust, ... ... ... 15 ,, 5 „ „ 

The mixed aggregate and the cement are. separately heated to 
about 300°F. and then thoroughly incurporaied, after which they are 
conveyed to the work and sjircad with iron rakes to such a depth as 
will give the re(juired thickness when finishe<l. This is usually 2 inches, 
but varies in j>ractice from li inches to 21 inches. Tin* compression in 
rolling is usually al>out 40 per cent. The consolidation can ho done with 
hand-rollers to begin with, but a light stream-roller of about 6 tons is 
better, working longitudinally, transvers<!ly, or obliquely, to take out all 
inequalities, heated tamping irons being used to ram parts which cannot 
be reached by the roller. The surface can be covered with tine stone dust 
or Portland cement after the primary rolling to prevent the adhesion of 
the material to the roller and to improve the appearance of the surface, 
^lolling (Min be finished with a lO-ton rolleri but often only the light 
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I^ller is used. The amount of rolling vario, hut thorough rolling is 
necessary untill the roller leav(‘s no mark. 

34:7 • The road should tluMi he thrown o|)(‘n to traffic, which is good 
for the road, the idea being that it aids in (dosing IIk* surface and rciain- 
ing the volatile oils, and as]ihalt ])avenients do better nnd(‘r traffic than in 
unfrequented streets. Inequalities in the surfac(^ must he guarded 
against, for though asjdialt may he coiisidcuMMl as imj>er\ious to water, yet 
it rots where water accumulates, as in gutting near drinking fonntairis. 
Gutters which do not drain quickly should he of stone or brick or hydraulic 
cement concrete, and others should be painted with a coat of hot asphalt, 
llolling should follow quickly on spreading or tlie as|)halt will cool before 
the final rolling takes [)lace, specially if a^ strong wind is blowing. 
Asphalt is a bad conductor of heat and can 1)C carried long distances with- 
out cooling after bcijig heated as a central depch, but to save mistakes 
the temperature of the mixture should b(» taken before* it is si)read, for 
chilled cement will cause a weak spot in tin* road. To correct the* chance 
of cooling by overheating the mixture will not answer, for (‘.xccssive 
heat reduces the cementing quality of the asphalt, which will also be 
spoilt if the sand is overheated. 

348. If in the road described above the binder coat is omitted an<l 
its place is taken by a cushion coat, the broken stone* will not be rorjuired 
and the expense of maintaining separate* plant for warming and mixing 
the stone and cement will be avoided. The process will be that of laying 
two coats of heated cement, sand, and stone dust over the prepared 
foundation. The under coat, or cushion coat, will be mael(‘ of the^ same 
materials as the upper or w^earing coat, l)ut will contain more* ccincnl 
than the latter in order to join it firmly to the foundation. The' extra 
cement would make the wearing coat too soft, but it mafees the cushion 
coat elastic. 

349. On the whole, the cushion coat is to bei pre'fcrre^d to the binder 
coat, and indeed the terms ‘‘ binder coat and “ cushion coat are% in 
practice, both used to refe^r to what is hero described as a cushioJi coat, 
though it would be best to use the* term biiideT coat " wdieii a broken 
stone aggregate is referred to and the term “ cushion coat " to de*scribe 
a layer of asphaltic cement, sand and stone dust below the weiariiig coat. 

350. Sheet asphalt roads, as describcel above*, were more used in 
America at first than in Europe, but they are being more^ freely used in 
Europe now where at first rock asphalt roads alone were used. Modifica- 
tions o£ sheet asphalt roads, Wbinery’s method, patented in Amerioai 
9£ potting the dr^ lieuted stone over the foundation spreading a 
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hot ^nlxhire of asphaltic cement and mineral grains over lt| and then 
rolling with a 10-ton roller till the composition is forced into the voida 
and the stone compacted with n uniform surface) have also been tried 
in England^ as have other grouting methods with binders manufactured 
from bitumen ; but these are not to be recommended when better methods 
can be followed. 


*351. Success has attended the use of selected ref use clinker and 
asphalt at Hornsey, ^ where Mr. E. ‘ J. Lovegrove, the .Borough Engineer, 
has patented his method ’of work. This is doin' in one or two coats. 
The w(>aring coat is' of tine clinker ^-inch gauge' and less, with a pure 
bitumen matrix and finished to inches. Tlu' under coat is of | inch 
to ^ inch clinker with a matrix of pure bitumen laid to a thickness of not 
more than 2 inches. SonietSine/< the - lo^eiv coat is omitted, the wearing 
coat being laid on tlui Mirfac(» of the 'old maoculam roa<l after it has been 
•toned arid sweptf Tlie** i^iatefials in either case are laid’ whilst hot, the 
bottoiij -ooaf being consolidated vnth a sri'am-roller. The -top coat is 
rolled cVosswis(* with a • (»-(‘wt. hand roller amK longitutlfnally with a 
steam-roller until firmly consolidated. The traffic is allowed, on five 
hpnrs after tli^^ work is finished. . . ' 


ihih^J^Ji-rqck'’ asphalt is. used on i^oacls that carry very 
heavy' traffic. As ineiitioncd earlier in this chapter, rt-Vabtarr^irom 
iimostenies ijnpregn'ated .with natural bitnmeu. ' Thon^ an* found nlsoaand- 
stou(^; with Ta^uinen, ' Irip^/theyj'.are not much’ ‘ The 

oQiitaiu (J to 20 p('r ceittL*,of l)itilfiien-,‘’but nofiall these qan 
hp*usodi)*.for if the <^nti£y of bitumen ii§ sipall, the* iimtenial bp^ not^srifii- 
ciont binding power io- sustain heavy traffic; and Tf tlje bituiiieg is in 
ex dogs, the rjoad'beconie^ soft a 4 ij] ^ijinnipr. Lirnj^tOne C(^taming 

8 Jo 10 per cent, of bitumen gives -the. '•'Tinost -*sntisfactOTy'>^ results. 
The material -is^cnrnb(Hl to the size.^pf'^almitS and.groithd th.a very fine 
plowder\-in TJje powd^^r is heated-^to a " temperature, of 

2r>0°F. or more. to dry it fhor^ighly;" ami . is transff/rrnd -qiiicldy to the 
road in ^peciaHv constructed ™is,^^td'-avOid loSs ^of hcat^in iransit, 
Coundation preimrojl -seiis iwiildirtioh fihouid prefer- 

uWy be of hydraulic eemeiil concrete. and at least 6. inches' thick, but it 
ifiO}" ijLO more, and it * way ew^^lWteinfofced*' if the traffic is very 
heavy. Jt'shquld he firm and soliU and dry, wdiich means that the work 
should he donA in ‘dry w'eather, for if the 'foundation is not dry, the 
watec.in it will turn to steain and honeycomb *the . asphalt -and ruin 
it. The finished depth of compressed hilneral'rock asphalt should be 2 
inebe.^, so*1t should be' spread to* a depth of 5. inches on tbe^ciM^ete 
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foundation direct from wheel barrows, and raked over the surface of the 
iQficrete, consolidated by ramming with heated 10-pound rammers, 
smoothed while hot to an even surface with hot smoothing irons until the 
proper wearing surface is obtained, and rolled with a half-ton hand-roller 
till it is compressed to the required thickness. The surface is finished 
with suitable curved hot iron tools until it is quite cool and a light 
sprinkling of Portland cement is spread over it, a few hours after which 
the pavement is ready for traffic, 

353. Sometimes a pavement is made of compressed bricks of asphalt. 
^These are made of asphaltic cement and cruslied trap or granite, in pro- 
portions which vary somewhat with the climate and the fineness of th(‘ 
stone used. The materials, heated and mixed, are moulded under very 
heavy pressure into blocks which are about 12 inches long, 4 inches wide, 
and 4 or 5 inches deep. They are laid in the same manner as brick and 
as compactly as possible, and soon become cemented together under the 
influence of the sun and the traffic and form a practically impervious 
surface. In the best work a concrete foundation is emi)loyed. 

354. A variety of asphalt bricks known as Lithofalt consists of sure 
asphalt and a silica filler. These are made about the same size as ordinary 
bricks, but are not more than 2 inches thick and are moulded under a 
pressure of about 200 tons to a square inch. They are Ittid in Portland 
cement mortar on a concrete foundation and well grouted over the whole 
road surface with Portland cement grouting. 
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Streets, carriageways, gutters, and sidewalks. 

355. In the arrangement of their streets towns seldom resemble each 
other ; for the positions of streets in a town depend to some extent on the 
contours of the locality, curved streets being used in uneven country more 
than in flat land. Streets should, liowever, be arranged to give direct and 
easy communications, as far as j)ossible, between various parts of a city, 
and this, it will be found, can best be done l>y the rectangular system 
with diagonal streets at intervals, the blocks being ordinarily long and 
narrow, and the diagonal strecds radiating from ])ublic buildings or parks 
or business centres towards the suburbs, with boulevards perhaps at 
intervals. 

35G. As a rule, it is impossible to lay out a town complete in every 
respect, and most modern towns have grown uj) from unregnlated begin- 
nings, improved and altered from time to tim(‘ ; but sometim(‘s an o]>portii- 
iiity occurs for plans to l)e worked out from Ihe beginning and carried 
towards completion as tlu^ population increas<‘s. In such cases the 
experience of expert town planners can <lo much towards the |U'eparation 
of an effdfttive scheme. 


Fig, 55. 



Part plan of the city of Washington, paragraph 35 7f 
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PaS plan of the Washington, parrgraph 357^ ' 

I'ir)?. The city of Washington is quoted as an example of a well 
planned oity on a n'ctangiilar system, with diagonal avenues and open 
s(jiiares and circles af^some of the inP*rsections of th(‘ avenuevs. This is 
well illustrnl(‘d hv the sk(dch Fig. ;>r> on page 141. At tli(‘ same time, 
there aro, in the >nhiirhs of Washington, short stre(‘ts which form a 
lahvrinth, and in some cases hav<‘ practically no commiini(*ation with each 
other. Thes(‘ are shown in the sketch Fig. oh above and were made 
before the regulating laws won* adopted. 

358. The law now rules that all stre<*t extensions in Washington 
will conform to the geiu*ral plan. No n(*w str(*et is to he less than 90 

feet wide and avenues must he 12t) fe(*t wid<‘. Streets must not h(* more 

than ()0() teet apart, hut int<‘rme<Hat(* stnM‘ts, called ]dac(‘s, (U) f(‘et wdde, 
are allowed within blocks. The hlo^Jis an* of various sizes, a typical 
block being 600 feet by 400 feet. 

359 Th(* width of streets betw^ecii building linos, which may be 60 
feet to 90 feet in a residential district, does not of necessity determine 
the width of the travelling surface which depends on tln^ present needs of 
the traffic. A width of 30 to 36 feet botw^eon kerbs is g(*nerally (uiough 
with a sidewalk on each side about 5 f(*et to 10 foot wide. The remainder 
of the width should be grassed if grass can be proj^erly looked after, (if 

it cannot, it soon looks untidy) and tn*e spaces should be allow^ed 

between the sidew^alk and roadway. In Lucknow’ some j^arts of new 
streets have been made 60 fe(*t wdde between building lines with 10 feet 
sidewalks and 40 feet roadw^ay, irees being planted near the edge of 
the roadwayf but the general width is less. 

360. Tf the traffic is light, a roadway 20 to 24 feet wide will be ^ 
found to stand a considerable amount of wear and where funds are scarce 
even smaller widths may be considered, A w idth of 20 feet is more than 
»u®cfent for two teams to pass each othe;N 
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3til. Ill busiiH‘ss district.-^ wliero vvliole&ale busiuesb is done and 
pedestrian traffic is light, the sidewalks can be narrow and the carriage- 
way broad. Allowing 1 3 loot for a truck backed up against each kerl) 
and 18 feet for passag(^ room for two trucks, the width of roadv^ay Miil- 
able for suoli business str(‘ets would be 44 feel. VVIku’c then* i> more 
pedestrian traffic, as near r(‘tail sho[»s. (he sidewalks should be given 
am])le width. With ample width b«‘^^^^‘en Imilding lim*s lluu-e will be 
room for increasing tin* roadway width if tin’s is found to lx* lu’cessarv. 

362. Wide streets atVord a goo<l amount of breathing space and add 
to the general health of tlu* people, besides giving a citv au air of spacious 
dignity and opening out \i(*ws that w^ould otherwise l)e lost. ^ Narrow 
winding str(‘-ets arc picturesque, but do not add to tin* clcanlim^ss, health, 
and comfort of a town. 

363. In 1001), at the Oounty Councils Association Jload Conference, 
Mr. M. T. Wakclam, m.i.c.e., County Engine(‘r, Middlesex, suggested 
a cross-section which allowed a c(‘ntral width of 32 fee*! for fast motor 
traffic inside and two lines of trams outside, 111 f(M‘t on each siile for 
carriageways each s<*parat(‘d from llie cxmtral portion by a 4-fe('t w idth 
for lamp standards carrying three lamj)S, one over (‘ach roadways, and an 
edging of 10 feet to 18 f(*(‘t on each side for pavi‘d footways with trees 
at the edge of the pavement. This gives a total width of from 118 feet to 
114 feet — or th(5 distanc<‘ Ix'twecMi building lines, but the 32-f(*et width for 
twTO tramway lines mid two limvs of carriages is small. An alternative 
section allowed for a central raised tramway track LI) feet wide Hanked 
by carriageways each ID feet wide and jiaved Footways 10 feet to 15 feet 
wide., the laiiij) standards in this case b(‘ing c(‘ntral and carj-ying two 
lamps spaced ID feet apart. This giv(*s a total wddth of from 77 to 87 
foot. The disadvantages of th<^ central rais<‘d tramw^iy track an^ that it 
entirely separates two lines of traffic;i . 

364. There are several advantages in having tramway tracks laid 
not centrally, but outside the sidewalks. The e,ost of construction and 
maintenance is usually less than wdien tlui roadway is used, the speed 
of travel can be greater, r(‘pairs can be done, without disturbing 
the surface of the roadway, people can enter and leave the cars 
without inconvenience. A disadvantage, is that these stqjarate tracks 
interfere with the gradient of private carriageways from the roadway- to 
houses along the road. Generally tramway rails are laid along the 
roadway centrally or at the sides, the tracks being made level with the 
pavement so as to interfere as little as possible with other traffic* 

Xlic cousUuction of tramwa^^s is not dealt with m this jijluuual 



U4 ciiAPl’EK nih 

366. Streets in Europe and America are paved with broken stones, 
or col)blestoiies, or stone setts, or brick or wood blocks, or an asphalt 
surface, and when this is possible, the broken stone is })ainted with tar or 
set in tar. It is not always possible in India owing to the climate. Nor 
do wood blocks make a good pavement for India. Asphalt has been used, 
but it softens in great heat and is very (‘-xpensive. Ordinarily the engi- 
neer in India will have to use kankar or brokim stone, water bound, and 
he may adopt stone setts where they can Ik*. iis(‘(l or cobblestones where 
boulders arc procurable. The last two wmld be used only where there 
was li(*.avy cart traffic. Brick might be used in narrow streets without 
much traffic, and grav(*l where it is easily obtainable. 

367. The construction of a good street pavement r(*(piires that the 
material used should be confined between kerbs, and it is usual to have a 
kerb and channel drain defining the edges of the road material, with side- 
walks beyond. In this case the cross-section of the roadway may be a seg- 
ment of a circle, or a parabola, or a comjmsite curve, instead of being made 
up of two inclined planes rounded at the crown for the st(*ei»er marginal 
slope of the convex curved section tits in well with a kerb and channel drain. 

368. The convex cross-section will vary with the material used and 
will be varied even for tlu*. same material by ditferent engineers, but the 
general principle that is followed is that the crown should be less for 
smooth materials, as asjffialt, than for rough ones, as broken stone, and 
less for an easy longitudinal grade than for a steej) grade, but a perfectly 
levels road, Codrington says, may require a rather rounder section than 
a road with moderate gradients. 

369. Baker in “ lioads and Pavements ’’ mentions that in Omaha 
the crown is decreased as the steepness of the road inertiases, “ a method 
which,” he says, “ is commendable.” The crown tor asphalt in Omaha is 
greater than that for brick, stone block and wood block, and Baker 
remarks regarding this “ considering only the smootlmc'.ss of the surface 
it appears that asphalt should have the least crown, but considering only 
the fact that asphalt'Yots when continually wet, it appears that asphalt 
should have a large crown.” 

370. This is not generally accepted. The curve described in ^lara- 
graph 105 as being obtained by the rule there given correj^ponds ye^:y 
clo^ly ll^th the standard section adopted in Liverpool and other towns in 
England, viz* 

Fig^hl* 
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an<l in this section the crown C may he for asphalt ^ for hard wooil and 

granite^, for soft wood for macadam hut these tiguri^s are not 
absolute. 

371. Granite and syenite setts are suitable for tin* heaviest traffic 

and require* very strong foundations on a good road bed. ( Vinent concrete 
foundations arc employed for the best work, and, as a rule, at least 6 inches 
of concrete is used. In determining the size of the setjs,, it should 
bo noted that their depth determines the stability of the pave-ment ; 
th(* width dej)ends on tlu^ size of a horse’s hoof in order to give, a 
good foothold, and the length is influenced by convenience* in handling. 
Granite or syenite may be about 3 inches wide, 7 oj* «S inches 

deep, and up to 11 inches in length, well and truly squartul and 
dressed. They arc laid on a sand cushion one inch thick spread over 
the foundation and are placed lengthwise across tin*, street, working 
from the channel drains towards the centre of the road and tinishing 
with a tight fitting crown stone at the centre. The si ouca. shniil d 
l)r 4 iat.joint witlr those of adjacent rows. The joints should be filled 
with cement or coaltar cement or, preferably, asphaltic ceni(‘iit. At 
intersections with c ross-roa ds the .Actta . may he laid diagonally. 

372. Wood blocks aro laid in many shapes and patterns and sizes, 
but th<' best experience of wood paving shows that it should consist of plain 
rectangular blocks, about 3 inches wide, 6 inehe»s deep, 9 inches long, 
laid with the fibre in a vertical position. The ))locks are set end to end 
in each course as close together as possible. They ar<^ sometimes laid 
on a bed of sand 1 inch thick, spread over a good foundation of concrete, 
and sometimes mastic asjdialt half inch thick, or one inch of c(‘jnent and 
sand take the place of the layer of sand, which again is sonu times 
omitted, the blocks being laid directly on the foundation. An exj)ansion 
joint is provided near the kerb. This may be a .longitudinal joint IJ 
inch wide, filled uj) with sand or pitch. The joints between blocks arc 
filled with cement or [)itch, the latt<*r being the bett(*r of the two. 

373. Tliere are two kinds pf wood j)avpment, viz,, those; made with 
soft woods and tbos(* made with bard woods. For the former, Baltic 
deal is generally used, and for the latter, jarrali and karri from Australia* 
It is usual to imprognaUi all soft wood paving blocks with a preservative, 
generally creosote ; and this practice has of late been extended to hard 
wood blocks. 

374. Bricks are seldom used in England for paving ciirriageways, 
but sometimes find a place in a sidewalk. In Ameriui, however, .tbe 
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roadway is frequently paved with bricks of a sujM‘rior quality V(Ty carefully 
tested and laid on a concrete foundation cover(*d with a 1^-inch layer 
of sand or asphalt, the joints being filled with asphalt, lii India brick 
pavements are sometimes laid in narrow^ stnuds in conn(‘ction with drain- 
age schemes, the drainage gutter being along the centre of the road and’ 
the bricks being laid on a kankar or concrete foundation and set m linn* 
mortar. 

375. There are many varieti(‘s of stone or asphalt pavimumts. One 
of the former is the'. Dnrax paveimnit, which consists of •small stone 
blocks, about 2^ inches (‘ach way, shaped to fit into a s(u-ies of oyster 
shell patterns on the road. It is also known as Kleinjirtatter. Another 
is the Belgian block pavenumt formed of stones in thii shape of trun- 
cated pyramids having bas<*s 5 to fi iiiclu'S square and (hq)ths of from 
7 to 8 inches. As it was impossible to maintain a smooth surface with 
these irregular shapc'd blocks, the n^ctangular block pav(unent w^as ulti- 
mately adoj)ted, but the Belgian bj^ ^ will sometimes be found mentioned 
in road literature. 

376. Of mixtun's for as[>halt pavements BJTehn^* lu eds to be mcm- 
tioned. lleferences to s(5V<‘ral others, (’aniarco, Flux}>halt<‘, M<*xphalte, 
are to be found in a report on the third Int<‘rnationat (kuigress, 11)13, 
by Mr. B. J. Kent, a.m.i.c.k., Superintending Engiiu'er, Bombay 
Public Works De|)artm<mt, wdio was the d(degat(*. of tin* Government of 
India to the (Congress, and Lithomac, Cormastic, Koadainant, Plascom 
and Itoadoleum are other names that hav(^ been a<lopted for [)roprietary 
materials. Itocinac is another. is a composition of silicate of soda, 
sugar, and other ingredients, ami a specially stdected limestone which 
contains a large proportion of carbonat(‘. of lime. 

377. Pitchmac is the name given to a standard mixture of pitch 
prepared by Mr. Brodie, the (Uty Engineer of Liver})ool, and used in a 
double grouting process. On a 10-incli hand pitched foundation laid 
and consolidated, a layer of dry macadam of 2^-inch gauge stone is spread 
evenly to a depth of about 3^ inches ; this layer after lieing rolh'd with a 
light ,stoam-roll(*r is grouted with a hot inixtun^ of pitch and cr(*osot<* oil 
(prepared in accordance with a very special specification) and again rolled 
\vhile hot till the mass is thoroughly consolidat'd. A second layer of 
macadam of l^-inch gauge stones, 3 indues <leop, is then laid, preferably 
whil (5 the lower layer is still hot. After being rolled dry, it is similarly 
grouted and again rolled till consolidated. The surface is then finished 
off with a sprinkling of dry chippings. The pitch mixture is of a very 
IDediil kind bgiad on information gained by the analysis of a specimen 
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of old pitch that was found to be as good as new after many years’ wear. 

378. An ideal pavement should be durable, noistdess, easily cleaned, 
and easily made dustless, not slippery for traffic under varying climatic 
conditions, easily maintained, have a low tractive resistance, low first cost, 
low maintenance cost, a long life, an impervious surface that will not 
produce, dust or mud, and a good appearance ; but it is not possible to 
say which pavement is the best when all these factors are taken into 
consideration, for prices and other conditions vary. The table given 
in the following paragraph will give an id(‘a of th(^ relative values 
which may t)e assigned in ordinary circumstanc<\‘^ to various |)avemeiits, 

:$79. Mr. Bouluois in “The Oonstruction of (Carriageways and 
Footways” writes : — 

“ From a close study of the theoretical and practical essentials of 
a good paving material the author has ventured to pn'pare the following 
table, which In^ thinks may serve as some guide to tho.se who are investi- 
gating th(' (jiK'stion as to what is the best pavenumt to use, always bearing 
in mind that (*v(*rvone mu.st b(» greatly inlluonc<»d by hi.s own .special 
recpiiroments of local conditions and surroundings." ; — 

Table VII. 




■MM 

1 





H-i 



r 


' i 

! 1 


1 

1 




o 








i 









Description of 

' 


! 




£ 

o 

■ 

1 



p ; 
o 







ci 

1 




nietcrial. 

i 



1 



£ 

Q 




B 


ci ! 

1 ' 

1 c 1 

'o ' 





o 


•w 

J c 
* u 

'eS 

V 

B 

it 


' ^ 
tfl j 

^ 1 
? 

o 

1 

b. 

P 

1 

'v 

ce 

Ph 

£ 

s 

3 

X 

!,:§ 

B 

P 

Kt 

B 

< 

1 

Asplialt. ... 1 

1 i 

4 

1 

2 

2 

2 

1 

2 

■ 

■ 

1 

1 

Bricks, ' ... 

2 1 

1 

u 




:i 

;i 

1 1 

■ 

:{ 

a 

Granite, ... ' 

4 

H 

2 

4 

} 

1 

2 

4 

2 

1 

2 

4 

Wood, 

1 

2 

4 

1 

4 

1 ' 

4 

1 



4 

2 


The numbers refer to order of merit. 


This table, while everyone may not accept it as correct, gives a 
comprehensive idea of the advantag(is and disadvantages of the pavement^ 
mentioned, and it is not necessary to consider these in detail, more 
especially as they have not all been thoroughly tested in India. Wood 
blocks have not been a success ; asphalt is found to soften in very hot 
weather, and Indian bricks are not hard enough to stand lioayy 
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Granite »etts have been used with some success in Cawnpore, and it U 
probable that this form of pavement will be morn used in places where 
there is concentrated heavy traffic and noise is not objected to, but for 
some time to come the majority of roa<ls in India must be of kunkar or 
stone, water bound, witli surfaces tar painted where this is practicable, 

380. As a rule, gutters in city streets in the Unit ed P rovinces ar^ 
not included in road proj^^rr#, but ixvo built as adjuncts to sanitary~^rks 
in connection with sewers, but cases may arise in which they may form 
part of a road estimate, 

.381. The simplest and most effective gutter is the form known as 
the kerb and channel where the bod of the gutter continues the road 
slope and the kerb forms the edge of the sidewalk. Many kinds of 
material may form the kerb and channel and th(» details of their shape 
and design may vary, but the simplest form is one in which the road 
material foi*ms the channel and restsjy) against a vertical slab , or block 
of stone, or concrete, which defines the edge of the sidewalk, except 
when the sidewalk is laid some distance from the kerb. Often the 
roadway material is re-placed by stones or conende^ slabs which form the 
li£d_ofj^e channel. This is the case with asphalt, which rots when wat(^ 
lies on it and broken stone which is not good material for a channel,^ 

382. Tlie kerb and gutter should not form too high a sjtejTfor pedes- 
trians, nor should it be very shallow, or the guttyr will overflow, or 
carriages run on to the sidewalk. Tn streets that have a good longitudinal 
slope, the gutter can have a uniform depth, the water being drawn off by 
means of inlets at suitable intervals, but where the j’oad is nearly level, 
the gutter must increase in depth as the inlet is approached. This can 
be done with a stone kerb and gutter, but not with a concrete kerb and 
gutter which is made in a iiia»kl. Except in extreme cases, the gutter 
should not be deeper than 9 inches, nor shallower than 3 inches ; and, 
ordinarily, it should not be more than 8 nor less than 4 inches, usually 
it is 5 or 6 inches, and in cases where one side of the street is higher than 
the other, it may be necessary to put in a double kerb stepping from the 
sidewalk to the carriageway. 

383. Sidewalks may be of any suitable width. In the majority of 
cases 5 feet will be enough, but this may bo increased if a spacious side- 
walk is wanted where there is much pedestrian traffic, as in front of 
retail shops. They may be of concrete, or brick, or stone, or tar macadam 
laidToiTa suitable foundation of concrete, the depth of which will depend 
on the nature of the soil on which the foundation is laid. 

384. Gutter inlets or gullies may be of many jiatterns. They are 
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intended to carry off the water £roin the gutter to the sewer, or to an 
outfall drain, and their design will depend on the requirements of the 
sewage scheme. In many cases they consist of a grated metal casting, 
which can be lifted, and through the gratings of which water flows into 
a manhole below, from which it is led away through a pipe fixed higher 
than the bed of the nianho le. The manhole can be cleared out from time 
to time. The pipe leading to the sewer should bo trapped, A separate 
overflow should be provided for storm water when this oan be led away 
to outfall drains independent of the sewer* 
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Diameter and width of wheels. 

385. The Heavy Motor Car Order (1904), in England, fixed the 
limit of weight of a loaded heavy motor vehicle at 12 tons, with not more 
than 8 tons on one axle, and the speed was fixed at 8 mile on hour 
which was reduced to 5 miles an hour for a vehicle without p nei^^iptie 
or ela stic tyres, if its weight, unladen, exceeded 3 tons, or if the regis- 
tered axle weight .on any axle exceeded G tons, or if the vehicle drew a 
trailer. If the vehicle were fitted wdth pneumatic, or other elastic tyres, 
the speed allowed was 12 miles an hour if the registered axle weight was 
below, and 8 miles an hour if it was above, G tons. The width of the 
tyre, if not of rubber, was made to depend on the diametcu’ of the wheel 
and the axle load, tlie minimum width for a heavy motor vehicle being 
fixed at 5 inches and for a trailer at 3 inches, the principle followed 
being that a load of 74 cwts. per inch-width was allowed fora wheel 
36 inches in diameter, and this coukl be increased in tla^ proportion of 
112 lbs. j)er inch-width for every 12 inches additional diameter, and had 
to be iv'duced in the proportion of 112 lbs. p(U’ inch-Midth for every G 
inches of reduced diameter. The accompanying table shows the result- 
ing wddths of w^heels required by the rules given above : — 

Table VIIT. 


Diamet er of 
wheel ill feet. 

Unit of registered 
axle weight })er 
inch- width in 
cwt. 

Maximum weight 
allowed per axle 
in tons. 

Width of wheel 
in half inches 
colimin 3 - 7 - 
coliimn 2 . 

Width of wheel 
ill Indies. 

1 

2 

3 

4 

6 

2 ' 0 " 

r>o 

8 

29 1 

15 

2 'G'' 


8 

24Ti 

12.1 

3'0" 

7T) 

8 

21*3 

11 

4'0" 

8*5 

' 8 

18-8 

91 


9-5 

8 

10*8 

84 


The maximum weight of a heavy motor vehicle, (Lc., one weigliing over 2 tons) was fixed 
at 5 tons (unladen) and of a vehicle and trailer at 6 | tons (unladen), and the maximum axle 
weight of a trailer wc^s fixed at 4 tons. 
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It is iinpossihlo for tho whole widtli of a wide' wh(‘(d to press 
ocpially on the road surface, and it follows that th(j inaxiiiium weight 
allowed ])er axle, when wln^ds of small diameter an^ used, will damage 
the road in spite of the reduced unit of ri'gistered axle weight allowed, 
more than when wh(‘(ds of larg(‘r diameter are used. A wheel 14 inches 
wid(^ would, if it is at right angles to the axle and tin*, axh* is horizontal, 
cut into the road at one edge and, perhaps, not touch it at the other (idge. 
Taking the cross-slope, of the road as 1 in dt!, it would, theondically 
h(‘ j^j^ths of an inch ofl' it. Practically only a part of tin* width would Ixi 
carrying the load. Wlnm th(‘. vehicle was not on ilu*. centre of the road, 
hut on one side or th(‘ other, th(‘. width of th(». wheel vs^ould h(‘. doing 
better work, hut there would he some wear diiii to thc! tcmdency of the 
vehicle to work towards tlu^ gutter. The axlo would not in this cas<», he. 
horizontal and thh vehicle would he on the tilt. All this ]>oints to the 
necessity for making roads of as goo<l materials as ])ossibl(‘, so that as 
flat a cross-slopii as possibh', consishmt with surface drainage, maybe used. 

387. It is iiit(‘resting at this stage to consider thc general residts 
of (‘xp(‘rini(Uits mad(' by M. Morin in 1837 to 1842 u[)on th(‘ nisistance to 
the, traction of vehicles. Th('se are, among oth(‘i>, roughly as follows 

The resistance to rolling of vehicles on solid metalled roads is 

j)roportioJial to the weight, and inv(‘rs(dy pro])ortional to th(‘ diani(d.(*r of 
the wheel, and is very nearly independent of the* width of the tyn‘ when 
it exceeds 3 to 4 inches, but on compr(‘ssihl(^ surfac(^s, it decrease's in 
pro|)ortion to tlu^ width of thc tyni. It increases to some extent with the 
vtdocity on hard roads, hut is indep(md<‘.nt of this on soft siirfact^s. 
Springs diminish r(‘sistanc(‘. at high speeds, but not at slow s]>(*eds. The 
destruction of the road is, in all cases, greater as the dianu'.h'rs of the 
wdieels are h'ss, and it is great(T in carriages without than with springs. 

388. Th(*.se conclusions w'<Te accepted by the scientific world, but 

were challenged by a civil engineer, M. Dupuit, who, after a series of 
experiments, came to the conclusion that resistance to traction is 

directly j>roportional to the* load, independent of the width of the tyre, 

ipd(‘p(nid(*.nt of the velocity, and inversely as the square, root of thc 

diameter of thc wheel. He allow(*d that on paved roads which give rise 
to constant concussion, the resistance increases with the speed, whilst it is 
diminished by an enlargement of the tyre up to a certain limit. 

389. Otlujr exi)eriments have been made from time to time. In 
1896, M. Miohelin made a series of tests which tend to show' that 
pneumatic tyres give 50 per cent, better results than iron tyres, that 

s lolid tyres are inferior to pneumatic tyres and that solid rubber tyrei 
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arc bcttt‘r than iron in some eases, es}iecially if the road is sticky, very 
irregular, or covered with snow, but become inferior to iron tyres if the 
surface is hard and smooth. His experiments showed that the average 
proportionate forces exerted in drawing a w(dght on a good regular 
macadam road wfere : — n 




Walking. 

Trotting. 

^uick trotting. 

Fi»r pnemiiatifs, . • 

For iron wheels, ,, 

• • 

ISO 1 

135 

135 

• • 

138 

170 

221 


At the trot (6^ miles an hour) and at the (jiiick trot ( 9^ miles an 
hour; tlie results tor pneumatics are the sanu', from which it may bo 
concluded that, whatever the speed may be within reasonable limits, the 
force absorbed by traction varies but little upon good ground with 
pn(uimatic tyres. Later results show that there is a slight increase with 
the sp(!ed {see references to experiments by the British Association 
IJoniniittee in paragraphs 390, 391). 

390. Ill 1902, Mr. Ira 0. Baker, M. am. soc. c. e., investigated 
the* subject of rolling resistance. The results have been adopted in 
Chapter IT. in which, however, it has not been possible to mention any 
but general conclusions. Some details will be found in the report of the 
British Association Committee (of which Sir Alexander Binnie was 
chairman) apfiointod to investigate the resishmec* of road V(?hiclcs to 
traction. A copy of the report, together with a description of the special 
dynaniQiiuitcr made for the British Association Committee to carry out 
the rescarch<‘s, is included as an appendix in the 1907 edition of Aitken’s 
“ Hoad Making and Maintenance.” The results of the test made by the 
(Jommittce on jineumatic tyres, on macadam, are here tabulated in 
approximate figures of pounds per ton 

Table IX. 


Pneumatic tyres 
on macadam. 

Speed in miles per hour. 

8 1 

10 

12 

14 

16 

18 

20 

22 

24 

A 84" X H”, •• 

• • 

.. 


75 

78 

81 

88 

85 

87 

B 34* X 44*» •• 


. . 

• • 

90 

93 

96 

98 

101 

103 

0 2}*, 

130 

134 

188 

141 

i 

144 

146 


• • 

• • 


It is curious that the 4^-inch tyre should oflfcT a greater resistance 
than the 3i-inch tyre. This, the Committee remark, may be due to the 
fact that the larger tyre was very much thicker than the smaller, render- 
ing it, in consequence, more after the nature of a solid tyre, it being 
well imderstood that a perfect pneumatic tyre should have as little 
inskatioi or oomparativeljr ioolastw matoriul »Wut >t ais possible, or (bi 
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greater tractive effort may have been due to the greater cross-soction. 
Kepeated experiments alone, the Committee say, can definitely settle 
this question. 

391. Assuming that General Morin’s theory is (correct, n^., that the 
draught is inversely proportional to the diameter of the wheel, the results 
in the case of the 24-inch wheel considered as a 34-inc1i wheel would be 
99 lbs., 102 lbs., 103 lbs. for speeds of 14, 16, 18 miles an hour which 
approximahi to the results in the case of B, but no deduction can bo made 
from this, as the width of the tyre is not the same and th(‘ macadam on 
which the 24-inch wheel was run was old(T than that on which the tests 
A and B were made. 

[The Second International Road Congress took the draught as in- 
versely proportional to the square root of the wheel diameter]. 

392. Ex[>eriments made l>y Sir J. Macueil early in the 19th century 
showed that the resistance to traction of a stage-coach on a metalled road 
may be represented by ; — 

R = 30 + 4V + V lOV. 


Wheni V = the velocity in miles per hour and R = the resistance 
in pounds per ton, this gives the following results : — 

When V = 2^ miles an hour R = 45 lbs, per ton. 


V = 4 

V = 6 

V = 8 

V = 10 


55 

55 55 

55 55 

55 55 


R = 52 
R = 62 
R = 71 
R = 80 


55 

55 

55 

55 


These show approximately the increase in resistance to traction with 
iron tyres on a metalled road caused by an increase in th(i speed. 

393. t^ompariiig the results obtained by this formula with the results 
obtained by the British Association Committee, in the case of 34 x 4^ 
inch pneumatic tyres, it will be seen from the following table that the 
resistance to traction is greater in the case of the stage-coach, oven on 
the assumption that it had 34-mch wheels. Tt probably had larger 
wheels, and if this was so, the coinj^arison would be still more in favour 
of the pneumatic tyro. 

Table x. 


speed in miles per hour, • • 

8 

10 

12 

14 

1 

18 

1 20 


Stage-coach, . . • . 

71 

80 

80 

98 

jor j 

116 

124 

Ibfl. per tou. 

Pneumatic Si** x 3}", • . 

t fl 

•• 

f « 

75 

78 i 

81 ; 

83 1 

1 Ditto. 


394. Some of the rules of the English Heavy Motor Oar Order (1904) 
Were given at the beginning of this chapter, and it was stated that the 

w 
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unit of weight per inch-width of tyre in the ca><‘ of a wheel 1) feet in 
diameter was fixed at cwts., 840 lbs. with a ])n)portionatc increase 
of 112 lbs. for each addition of 12 inch(‘s to tla^ diain(‘t(‘r. This iiitensity 
6C l>r<"-^snr <? is considered too great. In the case of a wlieid of b'.et 
diameter, a weight of 10 ewts. is allowed p<'r incli-width of wheel, which is 
nearly twice as much as that of a 15-toii roller liaAing about the same 
.diameter of whe(d, and the matter was discussed ai Ili(‘ First Int<‘rnational 
Road C'Ongress at Paris in ]90(S, tlie Knglish d(‘](‘gates expressing the 
opinion that, after four yc'ars’ experience oi' tlu‘. working of the* Heavy 
Motor (’ar Order, they thought tlie \\(‘igbt allowed was excessive*, for 
macadam roads. The del(‘gatcs resolved to n'comnu'nd the Oongress to 
reduce the unit to (>00 lbs. retaining th(‘ proportionate iner(‘ase, but no 
change was made. 

395. An extract from tlu* rules framed for tlu* United IVovinccs 
under the Indian Motor Vehicles Act, 1911, \Nill b(‘ found in Appendix 4. 

396. \\'h(‘n it is considered that the inaxiimnn weight allow(*d on one 
axle, in England, is 8 tons and the total weight 12 tons, it is suri)rising 
to find that these Motor Vdiicles Rules allows 11 tons on one axle and a 
total weight of 16 tons. The intimtion e\i(l(‘ntiy is to include steam 
road rollers in the rules. Under these rub^s Ji whed 2 f(‘.(*t in diameter 
carrying half the axle weight of 11 tons would n(‘(‘(I to be 20 inches wide, 
and when the axle was horizontal, the variation of pressure b(‘twe(Mi th<^ 
inner and the outer edge of the wdieel on a road that was not flat in cross- 
section would be very great, if, indeed, thi^ out(*r edge of the wheel 
touched the road. Large wheels and light axh^ loads should, therefore, 
be insisted on, and there should be special ruh'.s for road rollcTs. 

397. The speed allowed in India agr(‘es with that allowed in 
England with the substitution of 7 miles per hour for 8 miles, and a 
heavy motor vehicle is defined as one weighing ov(m- 3 tons unlad(3n if 
fitted with pmumnifibi tyrn><. and 2 tons unladcm if not so fittc.d. 

398. The unit of registered axle w^cight in the United Provinces, ric., 
7^ cwts. is the same for wheels of 3 feet diameter as in the English order 
of 1904. For wheels greater or less in diameter than 3 feet, the English 
and the United Provinces rules agree as to the unit of axle weight, but, 
as mmitioued ■ above, the total w^eight allowed on an axh* is more in 
India than in England, though the roads an*, not so well able to stand 
heavy traffic. It has been found in America that 7'ton trucks are too 

*^oavy and even 5-ton trucks carrying G tons damage macadam roads too 
.much. Lighter trucks are advised for Indian roads. 

399. Under the English “Highways and Locomotives Amendment 
Act, 1878,’’ a county authority may make regulations for tyr o wddths of 
vehicles, drawn b^ animal power, ip proportion to the loads carried. The 
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tyre widths prescribed in different counties for tho snme loads under this 
Act vary considerably, the average load allowed on each wheel being, for 
4-wheeled vehicles : — 

For tyres 3 im hes wide, IG'8 cwtfl., or 5*3 ewts, per inch-width. 


Do. 

4 

do. 

19-6 

do.. 

4‘9 

ditto. 

Do. 

6 

do. 

252 

do., 

4'2 

ditto. 

Do. 

0 

do. 

27*8 

do.. 

31 

ditto. 


and for 2-wheolod vohiclos : — 

For tyres 3 inches wide, 14*8 owts., or 4*9 cwta. per inch-width, 


Do. 

4 

do. 

241 

do., 

GO ditto. 

Do. 

7 

do. 

28-2 

do , 

4*7 ditto. 

Do 

9 

do. 

28-0 

do., 

3*1 ditto 

case, 

the 

weight 

[>or 

inch-width is less than isS allowed for 


whools 3 foot in diamotf'r iindor th(» Hoavy Motor VjHY Ordor, 1904, which 
allows 7i cwts. }n*r inch-width, and tin* average is ahoiit oin» half of what 
is allowed in tho cast' of a wh(*ol 5 feet in diameter. 

400. In India, cart whofds are very badly dt^sigiied, and it would bo 
advisabl(», s(*eing that most road.s are of kankar, to limit tho loads that 
carts carry to l» maimds jier inch-width of whetd 1 fc^id in diameter ; 
increasing the load and decreasing it in proportion to tho diameter. 
Carts with two wIkm'Is with l^-inch tyres should, therefore, in a kankar 
district carry 2 x li x (I mannd.s = 1(S maunds (including tho weight 
of the carO, nnd if they are to carry inon', the tyre widths should ho 
increased. AVith 3-ineh tyn's the gross load should be 3(5 maunds and 
witli 4-inch tyri's 4(S maunds. Incense fees might be charged at a figure 
in rupees ohtaim'd by dividing 144 or other suitable number by tho 
product of the wbeid diameter in fe(*t and the tyre width in inches. 

401. Cases ar(‘ not unknown of carts carrying 70 or 80 maunds"bn 
two l:J^-incli tyres fitt<‘d on badly-shaped wheels, which wobbl e as they roll^ 
and thomselv(*s ma(h» of a semi-circular section instead of being flat. 
With such tyres and whools and loads, roads of kankar and of stone are 
soon damag(*d. Wlicuds should be circular in sJiape, and it is suggested 
that they sliould not deviatii more than 3 degrees from the vertical and all 
tyres should be smooth and flat. Tho idbb^ed tyres allowiMl in Upper India, 
under the Motor Vfdiicle^i Rule.s!, are a mistake, and should be abolished by 
law, and rules regulating tin* shape aud dimensions of cart wheels, the 
widths of tyres, tlu? loads that may bo carried need to bo introduced in 
the interests of the community generally. 

402. In Ai)p(mdi\ 5 will be found the resolutions of the International 
llpad Congresses held in Paris, Brussels and London which touch on 
various points in inodeni practice and arc of interest to road engineers in 
all countries. 
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Sectional areas of cutting on hill sides in square feet. 
Retaining walls. 

Breast walls. 
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Sectional areas of euUingt on 
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Kill tides in sguare feet. 



Natural slope. 
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Scdionnl arms oj ndtings on 
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Ull fidef in $quare feet 


ting in feet. 



797 899 1,008 1,123 

426 481 S40 601 

Sn;! 341 382 427 

240 j 271 308 .3, 18 

201 1 227 2.j4 283 

175 197 221 246 

155 17.5 197 I 219 

140 158 177 I 197 

128 144 162 i 180 


1,878 1,507 1,449 1,798 1,946 

784 BOB 880 958 1,040 

521 672 625 681 789 

413 453 495 639 585 

.346 880 415 452 491 

801 829 801 393 427 

268 294 .321 350 379 

241 265 269 315 342 

220 242 264 288 312 



Natural slope. 
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APPENDIX If 

SECTIONAL AREAS OF RETAINING WALLS. 
Top width 2 n. batter 1 in 3 worked out by 
Formula 0‘185/(* + 2"2Sh + 0*67 =area. 
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SECTIONAL AREAS OF RETAINING WALLS. 

Top width 2 f’T. batted 1 in 3. 

Arons for Front Slope Length S. 


Given Slope 
Leogth S. 1 

4 

o St'S 
O.Sjs 

cr 

If. 

'h 

Given Slope 
Length S. 

l.'S- 

C.S.S 

or 

f. 

eS c, 

< 

Gi^en Slope 
Length S. 

•eg* 

~K* Ji 

c w>'S 

0.5 -a 

Area in sqr 
feet. 

Given Slope 
Length S. 

Correspond- 
ing Vertical 
height or k. 

a* 

/i 

.5 

s| 

< 

3 

2-85 

8 o 0 

10 

y-50 

38-45 

j 

17 

; 16-16 

84-77 

24 

1 22-80 

i 47-45 

.. i 

3 01 ) 

0 - 21 ) 

.. 1 

9-74 

89-84 

9, i 

’ 16-39 

86 - - 6 j i 

1 3-04 

150-02 

tt i 

382 

1008 

■j i 

9-07 

41-19 

j »» i 

j 16 62 

S 8 -(;( 

j 77 i 

j ^'i-27 

i 152-47 

t 

356 

1()92 

i 

1 10-21 

42-62 

1 i 

1 16-86 

90-68 

- 8 

j 23-61 

1 . 55-11 

4 

1 

1 3'8() 

11 78 

11 

1 10-46 

j 

44-07 

! 

1 17-10 

92-72 

25 

23-75 

157-74 

„ i 

1 

4‘U4 

12 06 

.. i 

j )0*00 

45-54 

i” ^ 

i 17-34 

94-78 

: i 

1 

23-99 

160-39 

>. i 

4?7 

13-52 

n i 

1 10-92 

46-07 

i .. i 

1 

17-57 

‘‘^6-78 i „ 1 

j 71 a 

24-22 

162-06 

.. i 

4-51 

1444 


11-16 

! 48-48 

3 

17-81 

98-88 , „ S 

21-46 

J 

l(.6-66 

5 

475 

16-39 

12 

11-40 

50-02 

• 19 

18-06 

100-01 

26 

24-70 

168-36 

» i 

1 4‘1MI 

16-34 

V i 

11-64 

51-57 

»» i 

18-29 

103-16 

.. i 

24-94 

171-10 

„ i 

3'22 

17-30 

o i 

n-87 

6308 

>, i 

18-62 

105-23 

.. i 

25*17 

178-74 

.. f 

5’4G 

18-30 

n <i 

12-11 

I 54-68 

77 i 

18-76 

107-42 

17 3 

25-41 

176-62 

0 

670 

19-33 

13 

12-35 

56-30 

20 

19-00 

100-03 

27 

25-65 

179-32 

i 

5’H 

20-38 

» i 

12-59 

57-94 

>. i 

19-24 

111-86 

.. i 

26-89 

182-14 

o 4 

Vl7 

21-40 

M 3 

12-82 

69-35 

.> i 

19-47 

114-01 

i 

26-12 

184-87 

i 

6-41 

22 60 

.. i 

13-06 

61-24 

A 

77 4 

19 71 

li6-29 

s 

23-36 

187-73 

7 

6*65 

23-61 

14 

13*30 

62-92 

21 

19 96 

118-68 

28 

26-6U 

190-62 

.> i 

6-89 

24-74 


13-54 

64-04 

.7 i 

20-19^^ 

120-90 

>. i 

26-84 

193-52 

»• i 

7-12 

26-84 

.. 1 

13-77 

60-31 

7 . i 

1 

20-42 , 

123-14 

.. i 

27-07 

196-82 

» i 

7'36 

27-03 

.. } 

u-oi 

38-08 

» i 

20-66 1 

126-49 

.. 1 ! 

27-31 

199-27 

8 

7‘30 

28-22 

1.3 

14-25 

69-87 

22 

20-ob 1 

27-87 

29 

27-56 

202-06 

.. i 

7'84 

29-44 

.. i 

14-49 

71-68 

» i 

21-14 ] 

30-28 

.. i 

27-79 

206-11 

« 1 

8-07 

30-63 

.• 1 

14-72 

78-38 

•7 i 

21-37 1 

32-59 

17 i 

28-02 

208*23 


8*31 

31-88 

.. i 

14-96 

75-28 

.. i 

21-61 '1 

35-03 

.. i 

28-26 

211-1 

» 1 

8*56 

33-17 

16 

15-20 

77-15 

23 

21-86 I 

37-49 

80 

28-60 

214-20 

»' 1 

8*:9 ' 

34-47 

.. i 

15-44 

79-04 

.. i 

22-09 i 

39-97 




. t 

9*02 i 

83-74 

.. t 

15-67 

80-88 

» i 

22-32 1 

42-36 




» 1 

9*26 < 

87-09 

.. ( 

16*91 1 

82*81 

» 1 

22-66 1 

44-80 
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SECTIONAL AREAS OF BREAST WALLS, 


tS 


FOB SLOPE S. 


Top width 2 Jeet, Front Slope 1 in 2, Back Slope 1 m 3. 
Area = ^ sum of two parallel sides x S. 


















APPEKJJIX 1* 

sectional areas op breast walls. 


FOR VARYING VERTICAL HEIGHTS^. 

To/^ width 2 feet ^ Front Slope 1 in 2, Bach Slope 1 in 3# 
Aroa =s ^ sum of two parallel sidos x S. 


















APPENDIX 2. 

NOTES ON O ILIN G ROADS IN BOMBAY, DELHI, ALLAHABAD. 

Notfi hy Mr, .L Mackeson, B.sc., A.M.I.C.E , Execnfir(* Enginafr^ Bombay Municipality, 

This innnif’ipnlity Imvc experimented with diflFereiit dust preventives during the past 
ten yorirs. The materinls tested were AVestrnmite, Erniinite, Oaleinm Thlnrate, Roiliiim 
Chlorate, Crude Petndenni, 'I’nr, ainl Akonia. All these niateiinls, exeept Crude Petroleum 
'J'ar, and Akonia, have Tail<j_d to give entire satisfaetion. Ch*nde Perrolenin with an ad- 
mixture of 5 per cent, of distilled tar has given satisfaction so far as dust-laying is 
concernctl. 

2. The roads treated tlierew'ith present a neat appearance and a very smooth surface , 
is obtained. It also protects the road surface to a certain extent, thus reducing its Ayeai^j 
though this department has no means of ascertaining at present hotv much saving can be 
etfec-ted in road repairs by this application. The treatment of road surface thus effected 
is much appreciated by the public especially the tradesmen. 

3. The Oriule Petroleum which had been used by this municipality w'as obtained from 
Messrs, VV. and A. Graham and Company t>f Parsi Bazar Street, Fort, Bombay, who 
describe the article “Liquid Fuel." 

4. The oil when purchased about eight years ago was paid for at Ks. 30 (thirty) per 
ton. The rate was subsequently increa.sed tolls. 83-12 per ton and finally this munici|)aHty 
had to \yfiy Rs, 40 per ton, proliably for the reason that it cannot l)e ha<l from any other firm. 
When, however, a higher rate than the last one was demanded further treatment with crude oil 
w'as suspended. 

5. The procedure adopted in the work is to thoroughly repair the road where necessary 
and allow it to set sufficiently under ordinary traffic and sweep the surface carefully 
before the oil is applied to it. The oil was brought from the Company’s installation in 
ordinary watering carts which are twice passed over the surface to l>e coated with oil so as 
to get an even sprinkling. The men then follow the carts with the ordinary flat bamboo 
broom and brush the surface until every part of the road is covered with oil, but without 
any surplus or pools. 

6. ‘ Sunday is the day usually selected for the purpose and only half the width of the road 
is treated at a time, the remaining half being taken in hand for a similar treatment on the 
Sunday following. Such treatment answers the purpose for about four to five weeks, when 
another coating of the oil has to be given to the same surface though a less quantity of oil is 
required for the second coating. A third coating is found necessary about six weeks after the 
second coating, but with a still smaller quantity of oil. 

7 . Three or four operations as mentioned answer the required purpose during one dry season, 
rfz., from about the end of October to the break of the monsoon during which no watering is 
necessary, as dust is not formed on the road on account of the road being generally wet by the 
rainfi. It must, however, be stated that much^ depends on the climatic condition of the place 
though the foregoing is suited to Bombay. 
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8. the cost of oiling workfl out as shown in the following table, taking the cost of oil 
at Us. 80, Us. and Ks. 40 per ton of 232 galloiiH : — 


Rate. 

Cost per 100 square feet. 

Remarks. 

1st coating. 

2nd coating. 

3rd coating. 

Rs. a, p. 

Rs. a. p 

Rs. a. p. 

Rs. a. p. 


30 0 0 

0 5 7 

0 4 ;) 

1) 3 3 

Wages of a coolie 5 annas per day and 
u pair of bullocks Re. 1-2 per day. 

as 13 0 

0 6 8 

0 5 0 

0 3 11 

Wages of a coolie 6 annas 0 pies (in- 
cluding grain compensation) and a 
pair of bullocks at Rc. 1-6 per day 
and 2J per cent, distilled tar. 

40 0 0 

0 7 0 

0 6 0 

0 5 11 

Ditto ditto. 


9. On account of the higher price demanded for it from time to time as also its in- 
efficacy on a freshly -metalled surface where the crude petroleum worked ns a lubricant instead 
of binder and loosened the road surface, it had to be abandoned. Distilled tar obtained from 
gas works has been used during the past four years with complete success. The process 
coihsists of thoroughly sweeping the road surface and clearing all the dust therefrom before 
the distilled tar, boiled in special boilers, is .spread over the road surface. The tar after being 
spread is covered over with sand and allowed to dry before traffic is permitted over it. After 
the tar has sufficiently dried and the sand is reduced to dust, the dust is also swept off. 'Jhis 
tar painting proccNs is used when the road siirlace is in tolerably good condition and not requir- 
ing repairs. In ca.ses where the road requires to be repaired and process consists of scari frying 
the road surface and bringing it to a uniform level with speh addition of metal as may he 
ncccs.sary and rolling same dry over the surface thus prepared so much Innlcd tar is poured us 
is necessary to till in the crevices and the roller passed over same, Sand is then sprcatl over the 
surface which is again rolled and the tar allowed to dry, any dust therefrom being subsequently 
removed, 

10. The cost per 100 square feet for the former process, Le., upon a road in good condition, 
is about Rs. 1*75 and that for the latter exclusive of the new metal is Ks. 6'GO, 

11. Where the road surface has been tarred, no watering is required, and cleansing opera- 
tions arc greatly facilitated. 

12. As tar was not available, 1 ordered from England Ak(»nia in ordiT to keep down the 
dust on the roads traversed by the procession iluring the Royal visit. Akonia J'owder has been 
used with great success in England and is very sinqdy applied. The road has to be swept clean 
and after slight watering the powder is sprinkled over the surface. The powder may also bo 
dissolved and applied by means of a wa ter cart. This ^lowtler is a preserver of the road as well 
os a du.st preventer and does not injure the paint of carriages or the feet of horses. Owing to 
the hvd rosconic character of the powder, the road is kept moist. The powder holution is 
required to be apjilicd about three times a iiionth, but in decreasing qiuuitities. The cost of 
Akonia delivered Iroe at the Docks, Rombay, is Rs 100 i>cr hm. 

13. One mile of roadway 60 feet wide requires about 5 tons of Akonia for the first dress- 
ing, and if three diressings be given during the first month 15 tons will be required. Only half 
the above quantity will be required for the second ami third months and for the remaining five 
months, that is, excluding the monsoon months, about 20 tons will be required, or in all oO tons 
per annum. Thia works out at about 2) annas per square yard }>er aimum. This powder has 
been well tested during the Royal visit ami has proved very satisfactory. It is again being 
made use of to a greater extent to save fre^ water, of which there is a scarcity at present, and 
to lay dust efficiently which cannot he attained with ordinary watering. 
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14. The municipality have again b(3cn able to obtain dintillcd tar in sufficient quantities 
and iorae of the principal roads are being treated therewith. The surface of the road after 
being tarred is covered with ^ps varying in size from to 1** according to circumstances of 
the case and then rolled with a heavy steam roller. 

11 . 

Note by Mr* F. T* Jones, M-V Om Assistant Engineer, Public Works 
Department, United Provinces. 

DELHI DAKBAH, 1911. 

Oiling certain main roads. 

Jipporf. 

1. The idea in laying down oil on the road surface is, that after the oil contained in the 
liquid fuel is consumed (partly by evaporation and by absorption by tlie nmd metal), the asplialt 
basis of the fuel romaiiiR to make the surface more adhesi\e and elastic, and to preserve the 
life of the road against the wear and tear caused by crumbling away action which causes mud 
or dust, as the case may be. A road thus oiled is benefited in tw'o w’ays ; — 

(i) It docs not reiiuire watering in dry weather, since it is rcmlcrcd absfdntcly diistless. 

(ii) It dties not need repairs for a considerable time (according to the numlx*!* of coats 

of oil applied an<l the amount of traffic), as the wear of the metal is less and 
more evenly distributed. 

That oiled roads arc dustlcss, have Ixjen satisiactorily i)rovc(l in India, in rrc'^idency towns, 
at the Allahabad Exhibition, and fully demonstrated at Delhi during the Darbnr period, where 
troops on the march and the enormously heavy wheel traffii’ raiseil no dust whatever, 

2. In this last case 85-25 miles of roail, varying in width from 12 to 60 feet, with an 
area of over half a million square yanls, were oiled with two or three eoats, only a few roads 
receiving but one coat. 

4. Work was carried out in two sections. The city section working from Sabzimandi 
station and doing all oiling in the city and civil lines, and the camp section w'orkiug from 
Kingsway and doing all oiling in the camp area. One tank wagon containing a1)out 3,H00 
gallons of liquid fuel supplied by the Asintic Petroleum CoiTii)Jiny was delivered at each station 
every day. The oil was generally pumped direct into the carts (ordinary watering carts with 
the sprinklers removed) by which it w^as taken on to the road, but in order to guard against 
irregularity in arrival of the wagons or disposing of their contents, storage of 5,000 gallons at 
Sabzimandi and 7,000 gallons at Kingsway was provided. At each station (hctc was a mistry, 
supplied by the Asiatic Petroleum Company, whtjse duty w'as to adjust the pump on the tank 
wagons and to make all repairs to the valves of the watering carts which arc continually 
getting out of order ; there were also six men for filling the carts. 

When the coolies were employed, the services of twT) iion-coramissioneil oflicers and six 
sepoys of Pioneers were obtained to take charge of the spreading of tlie oil, and were assisted 
by a certain number (eventually seven) of f'.c-sepoys, who proveil of the greatest use, both on 
the spreading ami in detached work for which their intelligence and habit of obedience made 
them far more fitted than any ordinary mates or jamadars. 

At the commencement of the work, the bullrnkmon, who were paid at daily rates, 
being taken from watering roads and accustomed to work in the morning and evening 
gave a lot of trouble ; they turned up after and went away before the Pioneer*, move very 
flowly, and had to have sepoys with them to prevent their running away. After a fortnight 
^ thia kind of wony bad been put up with, pie ce-yotk payment was introduced, On bringing 
I cirt*loAd of oi1» the carter received (rum the native officer or 0. in charge | 
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ticket valued nt 6, 8. 10 or 12 annus according to the distance covered, the value l)cing adjusted 
BO that each man could easily earn about Kc. 1-8 a day. Kvery two or thrte daya the tickets 
were collected, checked, paid for, and destroyed. The irinugurntion of this syntem practically 
ended all trouble with the cartmen. 

6. S^iutfige tanks of about dOO galloUh cl^m•ity for the liquid fuel (petroleum residuum) 
are the m(^st convenient for the purpose and the licpiid is run straight from the railway lank 
wagons or pumped up into them, six storage taiik< being recpiired to take the ordinary 
capacity, of each railway tank wagon, which is about 3,800 gallons. A railway tank wagon 
can be emptied conveniently in about 24 liours so that a sufticient nuinher of storage tanks 
should be available, oiherwise demurrage charges will accrue and will add considerably to the 
cost of operations. 

0» dinary cylindrical road watering tank carts of 1 20 gallons capacity with the sprinklers 
removed are suitable to pour the fuel on to the load surface. A large four-wheel tank cart of 
doO gallons capacity was also iound useful as a temporary depot cart. 

P'or each section of oi>cratioii four tankcadiH are required, so that while two carts are being 
emptied the other two carts are heitig filled and no time is lost in waiting : each section of road 
oiled should be commenced at either eiul : two carts can thus be employed at one and the same 
lime. This method gives the quickest results. 

Eight B ass broom s obtained from the Cawnpore Brn.sh Factory can be satisfactorily used 
with each tank cart, the average half width of roadway being 10 feet. This allows four men 
to work in a row immediately iHjhiiid the tank cart and four behind these to carry forward any 
oil that would possibly lodge or run oil. 

Only sixteen broom handles are necessary, tlic same being lixed into new broom heatis 
when the old ones are worn out. A bioom handle ought to he about lour Jett lung. The 
broom head lasts about 10 days in the operation with oidinary care. It is necessary to have 
three dozen broom heads per section of road in stock so as to replace without delay thobc that 
wear out. Ordinary sweepers’ brushc.^ sweep much cleaner than brooms. 

The valve of the cart being raised, the oil is allowed to run out in suflicient quantity to 
spread itself over the width of roadway. The valve is then shut off and the cart moved on to 
allow the brooms to play; ilie half width of roadway is thus smeared with the oil. Alter 
this, as before stated, four brooms in front and four behind arc applied to give the load an 
even coating of oil, and at the same lime to prevent lodging of siqicrfluous oil which does not 
work in and leaves pockets of excess oil. Immediately that quaiiiity of oil is suthcicntly and 
evenly spread over the roadway, the tank eait valve is again opened and the process continued 
as Iwfore. The oil should ho let out from the cart on the last patch of oil already spread ; if 
dropped too far forward it has to he pulled buck and time is lost. 

order to prevent the formation of pools, the road shonld he oiled liefore riits have had 
time to form; it is very convenient to oil the road immediately after making it and before 
opening it to trathe. As the oil naturally tends to run down into the gutters, it should be 
dropped on the crown of the road, and it is as well to tell ufT a couple of men to bring along 
with their brushes all oil that gets into the gutter. Care should bo taken to always oil down 
hill, if possible, so as to make it easy to carry off surface oil. 

It is usual to mix 5 per cent, of coaltar wdth the liquid fuel fur tlie second and third 
coatings in order to obtain lietter wearing results, but this method of oiling was not adopted for 
the Darbar roads, as lasting value was of no considerntioii and rapidity of execution of the 
work was essential so as not to block traffic. 

6. Sand may bo lightly sprinkled over the second and third coatings, At Delhi this was 
done by means of an ordinary labourer’s basket for carrying earth, which after being tilled with 
sand, is shaken up gently (so as not to allow too much sand on any one spot) and the sand 
allowed to fall through as from a sieve. The object of sand showering is to prevent too much 
of the fuel Mnf era{>oratecl, and to allow the oil to soak into the road metal. The sand beitw 
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heavily loaded with oil <loc>j not rise umler traflie. As a mutter of J'aet, on the Darhar roadf^, 
sand KprinUlJiig wais not carrie<l out to any great extent. 

7. It in best to close the road to traffic altogether, but if this l>e not possible then — 

(i) The oiling should be done in sections, luilf the width of the road at a time, so as not 

to block traffic. 

(ii) The oiled portion ot the road should be closed to all traffic lor 12, 24 and 36 hours 

for the first, second, and third coats, respectively, to allow the surface to <iry. 

It is as well when sweeping the road surface to renune the dust well away from the road 
and deposit it in a ditch or hole. 

When admixing tar first mix the tar and oil in a driiuj to prevent clogging of the pipe in 
the tank cart, as if a full tin of tar is thrown into the tank cart and when stirred the pipe gets 
blocked. 

For a road one mile long and 12 feet wide the following amount ol the liquid fuel is 
required 

First e(»atlng, ... ... ... ... 10 tons. 

{Second coating, ... B ,, 

Third coating, ••• ••• ••• 4 ,, 

Total, ... 10 tons. 

The cost of the fuel in Calcutta was 40 per tc»n. The cost of 10 tons worked out to 
Its. 1,130 at Delhi. The rate for purposes of estimation may be taken at 2 annas 6 pics per 
square yard for three coats or 2 annas for two coats. 

1'hc crude oil was suj)plied at the current market rate per ton f. o. r. Iliidgc Budge in full 
railw’ay tanks and the unloading and laying operations were curried out l»y the Public Works 
Department. It was not considered satisfactory to entrust such work to contractors, as the work 
w*aR carried on at all hours of the day ami night as traffic permitted and supervision would have 
been difficult and risk of breakdown t<Mi great, 

Foity-six labourers, with two mates, were requiicd for the work, and were told off a« 
follows : — 

Bixteon men on the broom at cacli end of the section under operations, working in reliefs, 
eight at a time, controlled by a mate, and four at the storage (auks for filling tank carts with 
the fuel. 

Two moil at eacli end of the section were employed for showeiing sand, and eight men at 
caeli end of the section to sweep off the overlying dust, prior to oiling. The whole gang was 
supervised by jin overseer. 

The proportion of ecadics employed on sweeping varies according to the amount of dust, 
from about a quarter up to as much as three-quarters of the total nnmher at w(»rk. 

8. The following remarks ui»ply (»nly to hankar math wliieh foi ined practically the whole 
of the roads oiled at Delhi in connection with the Darhar. 

It is essential that the r<iad to lie oilc<l, if it is to carry heavy traffic, should lie made of the 
hardest kankur pjocurablc (csj)ecially if traffic is going over it before the oil is quite dry) and 
the less earth used for blinding the better. If solt kankar is used, the heavy traffic will quickly 
cut it up, particularly if it is not well set and not quite dry right through. 

The surface of the road should be sw'cpt quite clear of all dust before the oil is put down, 
and if the dust is thick, it may lie necessary to go over the surface two or three times to get it 
clean enough. Only where the kankar is very soft and traffic cannot be stopped a little dust can 
be left without harm, 

The 6rst result of not sweeping cleau is that the oil takes much longer to soak iiii and any 
cart or foot passing over it jiieks up the oil and dust together. Icsving the bare road surface 
underneath. 

The second result is the dust so left will, as the oil dries upi gradually become a nuisancei 
n^bereas a good road swept clesn wil) jorni little dust. 
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It U of the utmost importance to oil the side roads to a distance of fully 100 yards from 
their junction with the rood which is being oiled, as otherwise much dust is brought in on to the 
main road which destroys the effect of the oiling. 

The first coat of oil soaks in rapidly if the surface is good, and In many cases traffic may 
safely be allowed over the roa<l after three or four hours Subsequent coats require very much 
more time The oil soaks in slowly, and as it dries becomes exceedingly sticky ; finally part of 
it soaks in and the rest dries and fornis an asphaltic layer on the road. 

Traffic going over the tough surface so formed nmrely polishes it, making it black and shiny 
and causing but little wear. Tf traffic is allowed over the oil before it has dried a large portion 
of the oil is carried away on the mud guards and the rest forms with whatever dust there may 
be, a thick black mud. As it dries this mud turns into a paste which does not adhere to the 

wheels of vehicles, and is gradually rolled by them into the road f«)nning a 

and black. This paste, however, is not truly incorpoiated with the road,^nd as it gets drier, it 
bjifitfirs and flakes away heaving the r<Mid covered with a soft oil -impregna ted covering which, in a'^ 
comparatively short time, is ]U)nndcd up into 

9. Nearly all the Dnrlmr niads oiled were of this type, as the three days’ rain which occurred 
in the middle of NovemlxM*, when most of the main roads had received their second coat, made 
it necessary to give another coat at a time when traffic was so heavy that it was quite impossible 
to close the main roiuis. Kidg e apd E lagataff roads alone showed the results which might l)e 
expected under normal conditions, and thc.se remained nearly as gcnul as ever after four months’ 
light wear. 

It must be remembered that the oiling at Delhi was carried out under very sAynm pngdi finno^ 
In many cases roads could not l>e closed, and being done by halves, il was quite impracticable to 
faajmr off the road for perhaps a mile or more so that traffic could not be kept off the newly-oiled 
road, iMirticularly at night. Even where a road could Iw closed by day, it was impracticable to 
erect permanent barriers, and temporary onoh even with chankidars pro\cd quite useless after the 
police had gone ofl[ duty at 8 p.m. 

Traffic going over a road on which the oil had reached the sticky stage had another, some- 
times a most serious, effect It tended to pick out lumps of kankar in sonie cases leaving the 
road in a deplonible state, honey-coml>ed with holes or linotl with deep ruts. This tendency showed 
it^lf very greatly, on one or two pieces of recently-made stone roads which were oileil, and where 
the had not set as well as in tlie case of a kankar road. 

10. Oiling appears to bo attended with one great disadvantage ; it cannot stand heavy rain 
and traffic combined, as the road then becomes covered with a thi< k gbi^».likii ppid. and loses A 
large portion of its oil which appears to be washed out by the rain. The effect of the heavy rain 
experienced at Delhi in the middle of November went particularly to destroy the effect of the 
second coat of oil on all the main roads. The Chaiiburja road alone showed comparatively little 
damage, while the liidge road, on which tniffic was light, appeared quite unaffected by reasoii 
that these roads were built on a rock foundation and being also undulatin g and jacell drained tht 
water mn off quickly ; many of the main roads, however, became flotxled and water-logged 

In addition to the metalled ix)rtioii of the roads the “ Jtachha ” sides of many roads were also 
oiled. In this ease no sweeping was done ; the oil was merely spread thickly over the dust and 
natural earth, and allowed to soak in and be iiicortwr ated by tra ffic. This method is very ox}>cn- 
sive in oil, but proved perfectly effectivcTa second coat of oil being rarely required. The object 
was merely to lay the dust with a very slowly evaporating substance instead of with one which 
evaporates quickly, as water does. But in many cases the oil had a distinctly consoli^ting 
effect, and thus added to the travelling width of the roail. 

It should be noted that the ground must be absolutely dry before any oil is put on. The 
great advantage of oiling the unmetalled road sides is that there is no dust, which ordinarily lie» 
there, to get blown on to the oiled surface, or conveyed on to it by wheeled or foot traffic and 
spoil the effects to the oiling by lying over It i it is greatly due to this precaution that in a windy 
dusty place like Delhi the road surfaces remained clean. 
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Oiling: wa< aUo fonnd moj^t Uftoful on the ralAccl side walkx which were made of Mpua6<l 
, 'earth nml piven a covering coat ot oil, which not only consolidated them and effectually laid the 
dust, hut made a pavement proforred by the natives walking over it in bare feet- 

Oil wa-^ aNo laid on the track of the Darhar light railway with oxcolleiit rO'^ults. as, in spite 
of open carnage^ with Iom' wlicels and a continiiouK service of trains, there was no dust on the line. 

Note hif lUi IUhadt^b Pandit Hart Kishen Pant, Exeevtire Engineer, Pnhiio 
WiirJiS Depart menu United Proeinees. 

Oiling roads in the United Provinces Exhibition. 

The total length of metalled roads in and around the T'nitcd Provineos Exhibition grounds 
wa** about four mile-^ and the width 12 feet The metal on all the roads treated with oil 
was kfliikar. 

About half the length of the roads was newly made specially f<u' the Exhibition and had not 
eonseqiieiitly lia<l sufficient time 

The result w’as very satisfactory eliminating all dust and the roads were free from it during 
the whole of the peri(Ml (from November, HH(>, toMny, 1011) The largest amount of traffic 
was during December, 1010, and .January and February, 1011. 

The old r()ad> wei'e much better than the new ones which, not Inning good foundations, did 
not keep the smfjuT snjjj^UJi during wet weather and were ^(unewhat .s ticky ; but this cannot 
fairly he put dowm as the fault of the oiling. 

During the seven montln these rojuls were used, they showed very little wearing of the surface, 
and I think the oiling will ]»rolong the life of the metal 

According to tlic manager (Mr. Harlow) of the Asiatii* IVtroleum ('ompnny, who personally 
helped in sni»ervisiug the oiling of the roads, 10 tons t)f eriide oil are required for oiling one mile 
of 12' w'ide road The fir-^t coat taken ten, the second five and third four tium 

At the Exhibition od was supplied tree of cost by the Asiatic Petroleum Company and the 
eont of labour came to about Ks. 250 for one mile ol 12' load including cost of sainl wdiich was 
sju'iiikled over the oiled surface*. 

'Phe road to he fiileil ought to have a s itiooLb surface ami to h:i\t' a good miuh er, say, 1 in .KJ, 
and the surface ought to he well swept before the oiling is di’iie. 

The cost of crude oil in Calcutta is Ks. 40 per t<Mi and allowing IN. 10 f(»r carriage, the 
cost will be 10 X .')()=: Hs. 050 for oil and Us. 2a0 for labour^ Us 1,200 bu* a mile of 12' w'ide^ * 

The following inetluMl was employed for oiling the roads at the Exliihit ion : — ^ ' 

Material .— 

^fitiorago tanln of 600 gallons ca}»aeity for liijuid fuel ([►etroleum re<iduuni) were used 
for the purpose in which the liquid fuel fiom the niihvay ta nk w’a^ |roiis was stored. There 
was a double advantage in stoiing the fuel iii this manner: — 

(1) The tanks being of circular section could be rolled without much difficulty as eonveui- 
cutly near as possible to the particular road being oiled, i>i o_\idiiig a m ini mum lengt h of lead. < 

(2) To prevent demurrage by retaining, the railway tank waggon longer than legitimately 
allowed by the railway authorities. (A lailw'ay tank w'aggon can be emptied conveniently in 
24 hours). 

Aortfl.- Ordinary road watering tank carts of semi circular section 4' by 4' in 
diameter were utilized to shower the fuel on the roads. 

Four tank carte w'ere in use so that w hile two carte were being emptied, the other two carts 
were being filled in order that no time might he lost in replenishing the carts. Kacli section 
of road oiled was commenced at either end thereby employing two carts at a time. This method 
saved the trouble of ili verting tralfic to a great extent as barriers were frequently ignored. * 

l;>rOOIP B» —Eiiglit Bass brooms wore satisfactorily used at each tank cart, the average^ 
width of rmdw'uy being 12'; this allowed four men to work in a. row immediately behind the 
tank cart and four behind these to carry forward any oil that would iKissihly lodge. 
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Only hixiticn brtKmi ImiidleK were ^eocM^al•y, llie Haiiie being fixed iiilo lle\^’ broom bead-^ 
when tlie old onen wore out. Broom bandies ought to be about 4' long. A broom head lasted 
about ten days in the o))emfioii with ordinary care.. In the l)eginnlng owing to a paucity of 
broom heads, worh did not progress very satisfactorily. It is nocessiiy to have, say, about three 
^ dozen broom heads in so us to without delay replace those that wcai' out 

Method of oilltlg first coating. —The valve of the cart bein 4 raised, the oil i> allowed 
to run through the nertorated pipe until a sufficient <)URntity to be spread over the width of 
roadway has b(‘en let out. The valve is then shut off and the cart moved on to allow the broom 
play, so that the whole width of roadway might be «Tneared with the fuel. After this, ns before 
stated, four brcxans in front and four behind were exercised to give the road an even coating <»f 
oil, and at the same time to prevent hKlging of supertlnoiis oil, w hich if not done, causes the road 
to look patchy and unsightly Immerliately that (pmiititv of fuel is sufficiently aiul evenly spread 
over the nxidw’ay, the tank cart valve is again opened and the prraess continued as before. 

Second and third coating — Five per cent, coaltar is mixed w'ith the liquid fuel for 
the second and third coatings. The method of oiling ih the same a^ for the lirst coating. 

The tar was mixed with the oil in the following way : — 

A Hve-gallon kerosineoil tin was half tilled with tar and the remainder with fuel; the whole 
was stirred well and then poured into the tank cart, the same w'as repeated once for the same cart 
and then the contents of the cart were well stirred before emptied on the road, 

^ — Sand must be showered ovci' the, first and third coatings only. This 

was done by means of an ordinary labourer's laisket for cany ing earth, which after being filled with 
Band was s mply shaken gently (so as not to allow too inm h sand «>ii any part) and the .sand 
allowed to fall through as from a sieve. I'he sand was conveyed to the site in an ordinary tMa, 
The object of sand showering is to preveiil t(K> much of the fuel being eva[M>rted and to duly Qoiik 
the road metal. 

PCTBOUncl*— Fui’ty-six labourers, including two mates, were employed for the work and 
were told off as follows ; — 

Sixteen men on the brcKniis at each end of the section under operations working in reliefs, 
eight at a time, control led by a mate, and four at the storage tanks foi filliiig tank carts with 
fuel. Two men at each end of the seelioti were enii)h»yed foi showering sand and three men at 
each end of the section to sw'eep off the overlying dust prior I 0 oiling The whole gang was 
supervised by an overseer. 

Notes from observation 

1. Roads ought to U* chased fo all traffic for at least 8(> hours in these parts to allow the 
surface to dry. 

2. To give satisfaction the wheel marks 011 the road oiled ought to appear dark and smooth 
like glue. 

S. I'he iilea of mixing the tar as stated was to prevent clogging of the pipe in the tank 
cart. Previously a full kerosine oil tin of tar was thnovu into a tank cart niiil then stirred; this 
caused clogging of the holes in the pipe. The bole^ in the pipe are bored on the outer side of 
the pipe; if boro<l at the lH»ttom they would not allow any tar to clog. 

i. The tank carts were filled with the iHpud fuel by mcan^ cf keiusine rnl tins improvised 
ae buckets with a wooden lath across the top to which a ro[>e was fixed so as to lift the tins wdien 
filled ^ith oil and let them down the side of the storage tanks. 

5, Four hundred feet of 12 ' road took one tank enrt of liquid fuel for ulic coat with a 
satiefactoiy result. To spread the mat over a large area (hH*N not allow a «/,*«/• road sufficient 
fuel f^r loakingt such roads are slow in absorption. For a rood one mile long and 12' wide the 
follo#ing amount of liquid fuel is required 

First coSrtiug ten tons, second coating five tons and third coating four tons. 


4a 



APPENDIX 3 

GENEHAL DIRECTIONS AND SPECIFICATIONS HKLATlNCi 10 IKE 
TAR THKATMKST OF KOADS. 

Road Boarj* Spix ii u:ati<»n N<» 1. 

dtredhnif fot' nmfucv ttirrimj. 

It Surfiicc lurriiig umy bo adviintagtuii?>ly applii-il eitliur t«» an old road surface in 
good condition or to a new surface after it 1ms ben eonRolidaltd and tried, but tbe tarring 
ah'itild never bei carried out unless the road h thoroughly dry. 

If there arc any depre-sioiw, pot-holes, ^avgjb-giajuies or other irrcgtilarities, these should, 
as tar as practicable, be made good before tarring is commenced, sons to provide an even surface. 

2. Fainting and spraying Tnachines get through the work of tarring more rapidly than 
applii^itiou by hand, and consequently arc to be recommended, but liand work gives satisfactory 
resulta, and the selection of the method to he employed must be largely determined by the 
available supply of etKcient labour. 

11. If it is intended to tar an old suiface, it is advisable to take a<l vantage of the early 
months of the year to scrape or brush the road during wet weather ay^ preparation lor 
subsequent tarring, and especially to keep the road free from caked innd.^^y.' ^ , 

4. If the crugt-of ^ is thin at the sides, but adequaieTrrthc cenlrV, the fddes should 
be strengthened and consolidated before application of tiir to the surface. 

5. In rc-surfaciiig any road the surface of which is afterwards to be tarred, stone chip* 
pings, and not tine material, should be used for b hiding . 

0. The road, whilst being tarred, should be closed to traffic over h.iif its width, or, where 
practicable, over its whole width. 

7. The road should be thor<iUghly brushed and cleaned btd'ure application oi the tiir. 
Wet brushing should be used some lime previous to dry brushing if iheie is any caked mud, 
Any method of Iwnshing may be used which will scour and clean ilic rr/afi thoroughly, the best 
being horse brnshing, followed by hand brushing. 

4. Tar should be used for surface tan'ing whicli ctmtpiies wiib citiier Rouvl Board 
8[>eciticatioa for tar No. 1 or Road B<«ard bpecificatioii tor tar No. 2 ; but if the heavier grade 
of the tar is used, care should be taken to apply it only when ibe road is dry and well warmed 
by the sun’s rays, otherwise it will uoi ttow freely. 

U. The tar should be heated to its boiling-ixiint at convenient isAsiiions on the w orks, and 
should be applied as hoc us possible, so that it may how freely. The desired tt’iii[>eratu>e will 
be generally iound in practice to lie between and F for lai No. I, and betweeu 
and 2b0^ F. for tar No 9. 

JU. Ill order that the tar should be applied to the' road as hot as po>sib]c, it is advisable, ii 
the method of application is by baud, to use hexsbi^ pipes to convey the fai Tiom the boiler to 
the point of application. If these are not available, it will be found coii^ eiacut, in cusp of liand 
poiu’iug, to use 11-gallon cans specially constriictcd for the puiposc, titteil with spouts leading 
direct frpjn the bottom of the cans, and being not less than I j inches in diaffieter at the ori%c. 

II. Immediately mi application the liquid tiir should be brushed, so far as necessar j, to 
ensure regularity in thickness of the coating. 

U. The quantity of tar required will rary according to the physical pondiltions of the 
road, but generally, in the case of a road to be iruatud with tar for the first timei Uie tjuautity 
be t galjuu to i'pat from 5 to 7 superficial j^ard^ 
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Ifl, If rhe Vnad mint 1 opened traffic )*efo**e the ta.!’ ha« ■ot hard, prit should be 
spread on the surface to pi'cvent the tai^^ from ndherini? to the wheels of vehiolea, but gritting: * 
should be de'a'e t as hmg as iwadble, imd the quantity of gritting material to lie spread should 
be no moi*e than sufficient to prevent tbc tar from adhering to wheoN. Stpiip, xhippings, 
oruiifhed gravel, or other appmved material (free from dust) not larger than will 

pass through a J-iuoh square mesh, sh<»uld he used for Lrirtin g, in quantity not exceeding I ton 
rr»r 300 to 350 siipi'rilciail yurds, If grit i> mod, and 1 ton for 200 to 250 siipertioial yards, if 
CMnisi^ sand is used 

J4. Precautifmfi >hould be taken to prevent liquid tar passing directly through diainage 
gratings or outlets 

15. For the safety of the |iiiltli<» precautions should he taken hy lighting, watching and 
Winning. 

Notice honrds should lie )j'a<*cd iq Miltuldc posiihms hca' ifig in l.ngc letters printed in 
(‘onspi»-uous .-ulours the following w^iiU : - 



CAUTION 

TAinUNG IN PIlOGltRaS. 
GVCLIgTr^ APH'TSICD TO W^LK. 


It is speoially desirable to p'aee wanijng-'fmtices at points in the neiglibourhood of the 
work where other roads join or (uoss the road being tarred, to enable motorists and cyclists to 
avoid the olntrueted load hy taking any available alternative route. 

16. Gn beaviiy trafficked roads ir is advisable to appli a second coat to either the whole 
width or from U to I2 feet of the ceiilre of ihe road in quantity of 1 gallon to eoat from 8 to 
10 sn |»e>flcial ya rds about two to three months after the 6i*st application. 

17. Surface tarring should Lc venewTd annually on all important roads and as requiied 
on roads with light traffic. On such rc-c atiiigs rhe quantity of tar to he applied will vary 
with the c\tcut to which tlie previous coitting oi tar has been removed hy weather or hy 
tiaffic. 


16. Two or more samples (d' the tar used shonhl, in till cases, kept in quart tin cans and 
he carefully labelled, including jiarticiihirs tixing the locality or length of the road on which 
the tar was used. I’hc lioad Roard will arrange with the National Pliysical Laboratory to 
submit a selection of these samples to a series of cliemical and physical tests with a view to the 
results being recorded for future r efeixui ce, and s arveyo rs will, from time ro time, l>c inviteil to 
'cml sainplos for the purpose. 

li) In all cases careful rei'oid should lie kept of the condition of the rtutd surfaces in 
winter ami sunnuer, both before and after tarring, the quantity and quality of tar used, the 
siiperhcial area covered, the stare of the weather when the work is being done, th6 time 
occupied in aidual work, ami in waiting wliilst work is stopped owing to wet weather, theimnihcr 
of men employed, and full details of the cost of labour and material. 

20. Sni veyors are invited to send reconls to tbc Road Board to lie cl frasificd and pu blishe il 
for general information. Forms for these records will be >uplicd by the Board. 

21, Surveyors are recommended to have samples of the tar supplied to them under 
contrai'ts properly tested by a qualided analytical chemist for — 

( 1 ) Sjiecitic gravity. 

(2) Freedom from water. 

(3) Fractionation. 

(4) Free carlMih. 

XOTE. —These general directions are not intended to dlppUiw, or to dlneoura^e the iwe oi proprietary 
which liore arc moral ol proved valiio. 
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Road Board ^prcipicatioit No. 9. 

On^cral ^lireotiona for svrfaciftg mill iar waca^am, 

1. Any road which is to be '^ui fat ed with tar macadam should have a proper foundation or 
Mib*cruf»t of adequate thickness to bofir to tmfhc likely to use it. 

2. Before laying a now surfafo of tnr macadam, the thickness of the old crust, including, 
foundation, should bo a^cortained )>y opening trial trenches at intervals averaging al)Out 150/ 
yards extending from llic liannch of the road to the centre, such trenches to he made alteniatel}| 
on opposite sides of the roanl. 

3. 1'he tliickiiess of the surface coating of tar macadam, when (•onsi)li dated by rolling, 
should he from 2 to 3 iin hos according to ti-atlic requirement. For a greater thicknesh than 3 
inche*s, the material should he applied in two coats. 

4. In the case of naturally hani suh-soiN^ not inatcriall}’^ softened hy infiltration of snrfa* e 
water, the total thickness or iho road crust, including foundatiiai, if any, after consolMatioii td 
the now surface of tar macadam hv rolling, hliould not, under ordinarv circumstance-*, he less 
than 0 inches, unless the >uh-*oii is so hard as in itself to act as a g<N>(l iouudatinn, in which 
case the thickness of the road crust may he reduced to 4 inches. In the (‘ase of clay or orhci 
yielding sub-sgjN. the total thickness should mrt he less than 11 inches 

o. Th(* tinished *>urfa<‘c slxudd have a crojj^i&Ull of about 1 in 82. 

If the cru'*t is not suthcicntly tluck at the crown to enable this cross-fall to he obtained w'ith 
R new cjiuting of the thickness aho>e mentioned, then the old surface should 1 h‘ left intact and 
lUisearitied, and the thickru'^^ of rlie mwv coat of tar macadam increased as far as may he 
necessary. 

If the crust of sulheient thi(‘kness for the purpose, the rcgulutioit of the cross-fall should 
be carried out hy scarifying the surface and removing material from the (rown to the side.* 
previous to the application of the new coating. The material loosened hy scarifying shoidd he 
Bcreeneil and all finer materia! than ^ incli should Ik? thrown aside. 

tJ. Tliiv4kgg7Tg''‘t<* fi'n hice of tar inacathiin sliould be compiKsed of brokea stone 

of approved quality, or selcctod slt]^ of aj proved quality, and should contain at least 60 per cent, 
broken to the size of 2J inches, not more than 30 [>cr cent, of from 2i inches to 1 J inches, and 
10 per cent, of } incli to } im-h ^xid^w^g. The last-mentioned size shouM l>e kept .separate and 
a'led os top dressing during roUing operations. 

7. The stone used must be thoroughly dried before being coated with tar., 

8. For making tar macadam, tar should be used which complies with Itoad Board' 
Specificathm tar No. 1, or Road Board Specification tar No. 2, the choice ludiig determined hy 
the circumstances of each case. 

If bir No. 1 has been nsefl for tarring the atone, caiv should l»e taken, es{>0(dally in hot 
weather, that the tarred material has been allowed to stand for a sutHcient length of rime t4> 
allow the tarred surface of the stones to l>ecome partially hardened and ii» a ta(‘ky condition. 

If tar No. 2 has been used for tarring the stone, the macadam should l>e laid soon after 
being tarred ; and if the tar be of the heavier grade of this quality, the atone coated with auch 
tar should only Ik* laid wdien the road is quite dry and in warm sunny weather. 

9. The quantily of tar used to coat I ton of stone should Ije approximately from 0 to 12 
gallons, varying according to the sizes of the stone, the grade pf tar used, the method of 

and other conditions. 

10. The tar macadam, after having been spiead and levelled, should be rolled into a 
HUiuoth, sur&co, but too much rolling should lie avoided 

J^eHB rolling is required than in the case of water-bonnd macadam. 

A 10*toa_roller is a suitable site for use in most coses, but good results can be obtained by 
using a R^ton roller and finishing with a 10-ton roller* 
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11, In order to get the bent reralta from the dm o£ tar macadam, it in adriaable to apply 
a ooating of tar to the flurfaoe after the road has been used by traffic for several weeks. This 
tar should comply with the prt)visious of Hoad Board Specification for tar No, 5?, an<l shoubl lie 
poared or sprayed ou the surf^M ^t^periire of about 270°F. 

^ 12. Stone chippiuy s, cro Swagr^y el, coarse .Mand or other approved material (free from 

dust) not largei than will pass through a i-inch square mesh, should bo used for gritting in 
quantity not exceeding 1 ton for 300 to 350 superficial yards^ if grit is used, and 1 ton for 200 
250 superficial yards, if coarse sand is used. 

Notes.— T hese general dlreobions arc uofc intends] bo iliMphice or to diwonrage the use of proprietary 
of which there are several of proved value. 

Road Boabd Speoifioation No. 3. 

General direotionn for surfacing with pitch-grouted macadam. 


1. Any road which is to be surfaced with pitch grouted ma(‘adaiu should have a proper 
foundation or sub-crint of ailequiite thickness to bear the traffic likely to use it, 

2. Before laying a new surface of pitch-groutfed macailani, the thickness of the old crust, 
including foundations, should be ascertained by opening trial trenches at intervals averaging 
about 150 yards extending from the haunch of the road to the centre, such trenches to l)e made 
alternately on opposite sides of the road. 

3. The thickness of the surface coating of pitch-grouted in icadam when finished and 
consolidated bo rolling should be 2J inches to 3 hlches. (except on very light traffic roads when 
the thickness may be 2 inches) for single pitch-grouting, and from 4 inches to inches for the 
double pitch-grouting hereafter described. 

4. In the case of naturally liiird sidi-soils not materially softened by infiltration of surface 
water, the total thickness of the road crust, including 1‘oundation, if any, after consolidation by 
rolling of the new pitch-grouted surface, should not, under ordinary circumstances, l>e less ihaii d 
inches, unless the sub-soil is so hard as in itself to act as a good foundation, in which case the 
thickness of the road crust may l>e reduced to 4 inches. In the case of clay or other yielding 
sub-soils, the total thickness >bould not bo less than 11 inches. 

5. The finished surface should have a cro.s8-fall of about 1 in 32^ 

If the crust is not sufficiently thick at the crown to enable this cross-fall to bo obtained with 
a new coating of the thickness almve mentioned, then the old surface should lie left intact and 
nnscarifted, and the thickness of the new coat of tar macadam increased as far as may be 
necessary, 

If the crust is of sufficient thickness for the purpose, the regulation of the cross-fall should 
be carried out by scarifying che surface and removing material from the crown to the sides 
previous to the application of the new coating. Material loosened by scarifying should l»e 
screened and all iiiaterial fiiicr than ^ inch should l>c thrown aside. 

6. The aggregate of broken stone to form the new surface of pitch-grouted macadam 
should contain broken stone of approved quality, of which at least 60 pm* (*cnt. must be broken r<i 
the size of 2| inches, and 35 per cent, to sizo-s grade I from 2^ inches to inches. In addition 
to this, 5 per cent, of cliippings of the sam^ ste le, varying fro n J inch down to } incli, should 
be used for closing after the grouting with melted pitcdi. 

7. For making pitch-grouted macadam, the pitch used should comply with the Road Board 
Specification for pitch, its viscosity being altered to suit climatic and local conditions i)y varying 
the quantity of the tar oils as specified therein. 

8. It is important that the pitch should not be poured if the surface of the stone is wet. 
The stone may be protected by tarpaulins, or, wet, may be dried f?i situ by |sM*table blowers or 
other merits, 
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0, The qnnntlty of pitch requlicil to grout a single coating U, approxlmaMy for a 
thlrkn<‘'=is of 2 inches U g«]lnns per 8ui»crriciftl yarrl, for 2J incbfs, Ij gajloiifl 
per Miporficial yHr<h an^l ff>r 3 inches, 2 gallons per supeitii inl yard; hut these quantities 
xnay vary with differem inatenRlf'. and care must always he taken to flil the voids 
loleqaatcly, 

lA. The aggregate altur buNing lioen spread and levelled must he rolled down dry 
until the Mirface is lormed, but without the addition of any Muall material. 

11, The pitch, after ))eing carefully meltod as descnbeil in clause 1^, most be raised 

to a temperatine ot Soo'F. Clean, sharp sand must he heated on sand heateis to a temperature 
<»f 4o(”F. A dnndy, r-r portable mixing vessel, llun lo be tilled w'iih equal jwirts, by 
measuremeut, <»1’ the heated pitch amt the hot 'and. ami the mixture, herealur calleil the 
matrix, is i<i l»e kept well stirred while it is bciiit einntied from the dandy or portable mixing 
vessel into pouring nius of fiom 2 ro ‘A gallons eapmuty, are used for pouring ihc matrix 

on to the loadway ^’ot only during the pimes^ nl mixing, tut afreiward', right up to the 
time uf actual pouring, the matrix must be kept \\ell siiried, 'ihc nuitriv piejiHred with 
[»iloh in ihe qiianMties spis itlcd in eluii'e should l»c >ulli<‘U‘iit to Jill i)j<‘ M)ids ol the aggre* 
gate. 

12, The dual ri lling should he e«>iinneiU‘ed uniiiediateU after poiiritm the pi h»h matr ix^ 
and carried on lapidly liefure the matrix has nine ro set. Tlie r> per cent, of graded ehippings 
tohoidd he spread over the grouted suiface in part pre\ir>asl\ to and the renialndei during the 
pi'iM'esH of rolling The fraftir may he allowed <»ii to the finished surface ns sotui as t|ie surface 
has cooled to the normal temperature, 

Doifhlfi pitvh^ijronthtff, 

1,1. When the traffic is so heavy that a consolidated thickness of from 4 inehos to 4J 
inches of pitch-grouted maoadani is required, it i- dcsimhlc in order to obtain the best and 
most oeonoiniial rehulis, to divide the (mating into iw-‘ Iumis. the hotrrun laym to ,he the 
thicker one and to coiisift of large stones, the two 1 ji 3 (*is being rolled down and grouted 
separately. Any local stone whieh can he procuied elieaply may, if siiirahle in quality for 
foundation work, be used for the bottom la^’ei graded from Ihiuch gauge down to 2-ineli 
gauge. No ctiipping> are ic<piirc*d toi tinishing the r<dling of ih^ lioth m lauu'. 

The aggrogah* for the iniper la) er should eonsi-t ot hard road stone of approved weti ring 
quality, broken to 1} ineh gauge, and 5 pei cent, of ehippings of the same stone used for 
tha upper layer, graded from { inch down to J ineh should be added before and during the 
ppoeess of rolling, and rolled down so as to form the tiiiished .^‘Urfaco oi the road. 

14 In tKUtring the jiiteh on the iKittom la>er, the surface of the pitch sliouhl not be 
brought to the surface of the stone, but should lie alxiiit i im h hehuv sueh surface, with the 
object of providing a key for the iqqicr layer. 

IT). The materials and the methods of grouting and laying down in the ea-.c of double 
pitch-grouting should, except when (otherwise expressly stated, conform to the provisions of 
clauses 7, 8, 10, 11 and 12. 

16. The quantity of pitch required for double pitch- grouting is, approximately for a 
consolidated thickness of 4 inches, .‘ J gallons per superficial yard, and for 4i inches, fij gailons 
j»er siipeificial yard , imt these qnautitlcs may vary with (111761 cut materials, and cave must 
always be taken to fill the voids in the smi'ace coating adequatel) . 

17 . For the purjiose of accurately ascertaining the proportions necessary fpr the matrix, 
it is essentiftl that i)oi table weights, sca’os and measures be provided, and all materials used 
in tlie preparati n (•!“ ihc wuvtrix slionld lie accurately projKutioned by weight or meti.snrenient, 
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Jmtft'KctinnitJor purltiny thv pitrh ' 

IH, Tiu’ )>itch boilers ol i iom t>\o tu lliree t<ni!» eapucUy HhoubI In* <'luiigeil with j»iU*h 
ami alumt oiic-hall ol' the |>ruj>e.r jiropoitioii of tur oils. The lire ^houhl then l*c lij^bted, anM 
thereafter II steady file, with hie doors eloned. ahoiihl he inaintaiiud. when, in I'roiu tour to 
H\e hiiiirs, the piteh should he tlioroughly nielteil. A bright lire should he kept until the 
jdh h reaches a lent i«*rnture of when the reiiniinder of the oils should be added and 

the mixture thoroughly sinred . tin- fire d<»ot.s shouM then he opened and the t-einperalu re of 
the melted piteh permitted to fidl lo 2o(V or *270"K. 'I' he pitch should then he ready for ns^; 

and in all cases should lie lh'*roiighly well '»tineil hehire being diawn off. _ - 

^ In tli^ event of had weather stopping th e work of j^ronfing the fire door should l»e left 
o)>en. th e di^niper ch»sed, and the teJnpcmtnre of the piteh allowed to lull to 2U0''F. It eun he 
kept at this temperature for long periods with hiuik£d»4u;t;s eonsiiimng about 7 lbs. of euke 
per hour 

It is riTominended that a suitable Fahrenheit tliennonieter wilb .|kri.fwi»h‘»ri should 

be at hand to indieate the tnnpeiHtnre cd the melted })iteh. M henevei the weathei i^ fiivoin- 
able for the re-eoiniiieueeineiit of the wotk, tlie piteh miibt he ug»in raised to 270^'F. by eloHing 
the door'* and sharp firing. 

It is desiiahle that the iMuler should he kept air-tight wdien the piteh is being melted, by 
the use of air-tight covers pronerl} packed so as to make an air-tight joint. 

Kotk.— T hebe Keisi’a! dlrcetiuiis are uot iiiteiule*! to Uisplaue or to diattHiriiKc Uie use of projtrie tmy artidca 
uf wliieh there uru ticvural of proved value* 

lUiAD UoAHD Specification No. 4. 

i^pcc^fivathm for far Ao, 1. 

F OBtldraL— Tlti> tnr is suitable f<>r the surface tarring of roads. 

Ah hi the use of this tar for making tar macadam, lioad Boaid ge neral diiections 
lor surfacing with Uir macadam.*’ 

Soiling . — The tar should be applied as soon as the boiling-point is reaclieil, mid over- 
boiling shoiihl be avoided. The desired temperature will be generally found in piactice to 
lie between 220" and 240 ’F. in the lx»iler. 

8' SoWMsOf tftr< — t^l^Hll be dern ed wholly iroiu tlie riif^-hiipjiNRtinp of bituminous 
coal, except that it may coutaiii not more than It) per cent, of its volume of the tar (or di^JIate^*^ 
or piteh therefrom) produce<l in the manufacture of carbnretted water gaK. 

4. Specific gravity — The Sf»eeit)c gravity of the tar at liX. (6l»"F.) shall be as 
nearly as |H>s»ihle I'll), but in view of the great variation in s|»eeiHc gravity of the tar pivKinct*! 
ill \arioufc parts of the country, the specific gravity may be as low us I *16, oi as high a> 1*22, 
provided that, in other respects, it complies with the provisions cd tlie apeeilication 

D. Freedom from weter— ihe tar shall^ be commereially lice fioin Water. i.e,, it 
shall not contain more than I per cent, by > ohiuie of water or ammouiacai liquor, which water 
or li(iuor til present) shall not contain more ammonia, fm* or <om lined, than con cspomle to 
0 grains of aminonia per gallon (= 7U uiilligmuiuies per litre) of the Utr. 

6- Fhenole*’— On vigorous agitation for n quarter of an hour, with twenly times its 
volume of water at 21" U; (7h" F.) the tar shall not inqiuii to the water more than 5 grains of 
pbenoloid boilics, reckoned as jibenol, per gallon of water (s::70 uiilligraminch per litie). 

Tar from ga€ worJit, 

Tlie proVisi(dis in tlie following clauses, 7^ 8 and D apply to tur supplieil direct from ga* 
Works. 

7. Source of ter— The tar eball be solely the uattmii by-product of the uianufmdure 
uf iliumiuAting gfki (ctml gas with oi ^Uhout HduiUture edi caHioruieil watei ga^i), mid stmll 
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liav(j iKieii subjected to no other or further tirntment than may be necessary for tlie abstraction 
of water or aimnoniaeal li((Uor and light oils. 

Fractioiiation- — ^In distillation the tar must yield below 17l<^C. not more than ) per 
cent, and between 170" C, and 270^" Centigrade, not less than IG j»er cent, and not more than 
2G per cent, of distillate (exelusi\e of water). 

II. Free carbon —The free eurbon shall not exceed IG percent, of the weight (d’ tlie 
tar. 

Tar from far dixti^lrriPH. 

The provisions in the following clauses 10 and 11, apply t(j tar sup|)iied from tar distilleries. 

10. FractiOCation — On distillation the tar must yield below 170 C. not more than 1 
pel cent, and between 170"' C, and 270"' C. not more tluin 20 per cent, of distillate (exclusive 
of water). The di.stillatc shall remain clear and free from s<did iiiaiiLM' (crystals o*' naphthalene, 
etc.,) when maintained at a temperature of 30"" C. for half an hour. The distillation shall he 
continued to 300 ' and the residual pitch thus obtained shall not amount to more than 73 per 
cent, of the weight of the tar. 

1 1. Free carbon-— The free carbon shall not exceed IG per cent, of the weight of the 
tar. 

12. Taking of temperatures- — The temperature during distillation shall be taken by 
a tbennometer of which the bulb shall l)e opjK>'»ite the (Opening to the side tube of the distillation 
flask, and the quantities ol distillates and free earlxm shall be stiiUxl in percentages by weight 
of the portion of tar submitted to distillation. 

13. Dehydrated tar —a tar prepared by si mpic dehydration fid til ling the provisions 
of this specifiitation may be used with satisfactory results in most cases, but tin's from which the 
naphthalene ha^ been extitictcd arc superior for the purposes of .sui fuce tarring. 

Note.— T ins sspcciflcatlon is not iiiti-riflol to UiKphuv or to (liMt'onrsjiCe tljeuMPof proprlctHry Hriioles, of which 
there arc* several of proM*d value. 

ItoAii Board Specification No. 5. 

Specification for tar Ao. 2. 

1. General*— This tur is suitable for surface tarring, and specially recommended for 
re-tarring, but if the heavier grades of the tar ai-e used, eaie should be taken to apply it only 
when the i-oad is dry and well w^arined by the smrs i-ays, otherwise it will not How freely. 

As to the use of this tor for making tar maeailam, see “hoad Board general directions for 
surfacing with tar macadam. ” 

2. Boiling- —The tar is to be applied as soon as the boiling-ptunt is reached, and 
overboiling should be avoided. The desired Umperature will be generally found in practice to 
lie between 260° and 280°F. iu the boiler. 

3. BOGLYCe of tar- — The tar shall be derived wholly from the carbonisation of bituminous 
coal, except that it may contain not more than 10 ]>er cent, of its volume of the tar (or diatillates 
or pitch therefrom) proiUiced in the manufacture of carburetted water gas. 

If pitch be added to the tar in order to secure the specific gravity and proportion of residual 
pitch referred to below, the pitch so added muat also have been derived from tar of the 
foregoing description. 

If oil be added to heavy tar or pitch in order to secure the specific gravity and proportion 
of residue referred to below, the oil so added must be derived from tar of the foregoing des- 
cription, and mnet be practically free from naphthalene and tar acids or phenols. 

4. Spsoifle gravity-— Tl>« >))evilic gravity «£ tt>e Ur lit id" C., Hludl In m ttMU-ly »ii 
1 ';il) imU IU uv ummi nlwli it In luwdr Uihu I'lM or liigbvr tlitip I'?4i 
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vlcfftrotw figltiHon for a qimrt(‘v of fln liour wllh twenfy tlme^ it« 
ViiluiTift of wata» ai 20 C., tho tnr >hall not impart t<i tljo w.nor morp than Oa’o grninfl of 
pliftnoloid bodies, reokoned as phenol, per grallon of water (e=70 milligrnmnio per litre). 

Practionation — The tm* shall Iw free from water, and on distillation shall yield no 
distillate below 140^ C., nor more than 3 percent, of distillate up to 220' C. which distillate 
shall remain clear and free from solid matter (cry.stals of naphthalene, etc.,) when maintained 
nta temperature of .W C. for half nn hour. 

Between 140^ and 300'' C. it slmll yiel<l not less than 15 pei cent , nor more than 21 per 
cent, of the weight of the tar. 

7. Taking of temperatures —Tlio tcmpeiatures during distillation shall l>o taken by 
a tbermometer, of whicb the laill) shall be o])positc ilic opening to tbc sid(^ lube of the distillation 
Mask, iiinl the quantities <»f distilliitcs and frre r“ar))on shall he ntated in percentages hy weight 
of the portion nf tar siibmitted to distillation. 

Nori:. — Tills siKioitlentiou i-* not i(iton»lo<l to or to ilwtHMtrflup Hir n-^o of prO|>riotary nrticlo^t of which 

Mirre arc ‘SmcimI of pro^c*! vnlno. 

lio\j) Board SPECiFTOATroN No. 0. 

Spocifioaiion for pitch, 

1* General*— This pitch is snitaldc for pitch-grouting. See *' Road Board general direc* 
Hons for pitch -grouting." 

2. Preparation — 1’b<’ pitch is ol>taino<l by softening the mnlerial known as commercial 
soft pit<*h, as sp(‘cifled liclow, by the addition of tar «>ils, also spocilU*d below, 

(htnmcrcial mo ft pitih. 

il- Source of pitch — The pitch sliall be derived wholly from tar produced in the 
carbonisation of bituminous coal, c.xcept that it may contain not more than 10 per cent, of pitch 
tlerlved from tar produced in iho manufacturo of carburet ted water gas. 

4 Fractionation.— On distillation tlic pibdi shall yiobl 

Below 270 ' C. not nioi'o tliau 1 per cent, of distillate 

Between 270" C. and .‘lla C. not less than 2 per cent, and not more than 5 percent, 
of distillate. 

Free carbon —The free carlMni >hon]d not csreead 22 per cent, of the weight of the 
pitch, but if it be found ditlb'ult or unduly expensive to obtain this quality of pitch, a quality 
roniaiiiing as much as 28 pur cent, <d free ciirlwui naiv 1)0 nscil with .a reduced proportion of 
snntl as filler. 

fi* Taking of temperatures.— The temperatures during distillation shall be taken by 
a thormometor, of wbicli the bulb shall be op|K*site tho opening of tho side tube of the dietilla- 
tion flask, aini the quantitle.s of distillates and free carbon shall be stated in percentages by 
weight of the pilch submitted to distillation. 

7or oils, 

7. General* — TUe tar oiK to be used sliall be derived wholly from tar produced in the 
carbonisation of bituminous coal, or from sucli tar mixed with not more than 10 cent, of its 
volume of tar produced in the manufacture of caihurotte<l water gas. 

Specific gravity.— The Sjiccific gravity of the tar oil at 20"" C. shall lie between 
1 ’005 and 1 075. 

lb Freedom fVom naphthalene — The tm* oils after standing for half an iKxir at 
20' 0. shall remain clear and free from solbl matter (crystals of naphthalene, etc.,). 

10, Fractionation — The tar oils shall bo commercially free from light oils and Water, 
i.e.p on distillation shall yiled not more than 1 per cent, of distillate below 140® 0* 

5a 
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The amount of dioiillate hetween 140» C. and 270 C. nhall He between 40 per cent, and 

i50 per cent, 

11. T-fthtug of tempcmhu*0!4 during distillation sball be taken 

bj a thermometer, of which the bulb shall be opposite the opening to the side tube of thedietill* 
ation flask, ami the quantities of distillates shall be stated in percentage hy weight of the oils 
submitted to distillutioti. 

12. Proj)OI*tionS ” i'bc proportions by weight in which the pitch arid tnr oils are to 
W mixed shall be as follows ; — 

Pitch— 88 i>er cent, to 90 per cent. 

Tar oils -10 per cent, to 12 per cent 

XOTK.— This 'iMi-citioatioii not intoiuio.l to <1it*placo or to lb«oonr^icr^’ tho iise of propriotory articles, of whlcli 
there are several of proved value, 
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KXTBACTS rttOM KEVISKD BULKS FBAMKD UNDER THE INDIAN 
MOTOR VEHICLES ACT, VUI. OF 19H. 

1— Fbkliminaby. 

!• (1) Thene rules luuy be culled the Motor Vcliicles Rules/ 

Sliort title, exteut, uu<l ileiiuitioii. 

(*J) They nhall extend to the whole of the I nited I'roinces of Agra and Uudh. 

(3) In these rules— 

(a) “ Kegisteriiig authority ” and ‘MLeeusiiig authority iiieuii in respect of the United 

licuiisiDK 


Regwteriuf? aiel 
autliority. 


Tbe AoU 


1‘roviiu^es the Superintendent; of Police or in his al)sencc from 
lieadquarters, the Assistant or Deputy Superintendent of Police, if 
authorised by him in tliis behalf; and in rcsijcct of siny other jwirt of British India the officer or 
officers lawfully iuvestwl with the po>vers coiifcrretl by these rules on the Superintendent of Police 
and Assistant or Deputy Superintendent of Police, of licensing and registering respectively ; 

(/;) “The Act^* lucaiis the Indian Motor Vehicles Act, 

inH: 

(tf) “Motorcycle" means a self-propelled vehicle ruiiiiing on not more rbau three 
Motor cycle. wheels and weighing not more than 5 ewts. 

(d) “ Hejivy motor vehicle ” means — 

(i) a motor vehicle litted with pn eumatic t^i res, if it c.vcceds three tons in weight 

Heavy motor vehicle. unladen; and 

(ii) a motor vehicle not fitted with pneumatic tyres, if it e.xceeds two tons in weight 
unladen. 

(.e) “ Trailer “ means any vehicle drawn hy a heavy motor 
vehicle ; 

(/’) “Motor cub” means a light motor vehicle which 
stands or plies lor hire in any public place; 

“ Axle weight " means in relation to an axle of a heavy motor vehicle of a trailer^ 
the aggregate wciglit tninsmittcd to the surface of the road or 
other liast? whereon the heavy motor vehicle or the tiuiler moves or 
rests by the several wheels attached to that axle when the heavy motor vehicle or trailer is loaded? 
(,/t ) ** Hegistered axle wegiht ” means in relation to an axle of a heavy motor vehicle, 
the axle weight of tliat axle as registered by the licensing authority 
ill pursuance of the rules; 

(i) The expression “weight;,.’’ vvlieu lu-ted in relation to a 
; vehicle or a trailer, u^ans — 

> v ehicle ol‘ tiauXeTis unladen, the weight of the vehicle, including all parts, 
equipments, stores, fiiei, water and aeeuuiulators which are nccessaiy for, or are 
unliuarily with, the vehicle or ti'aiicr when working; provided that, where 
altemhti^6 fiarts or bodies arc used, the heaviest shall Iw taken for the purpose of 
cadonkiting the weight; and 

When tho vahide or trailer is laden its weight wlieii unladen, plus its full lawful 
Iwl* indhtUng the weight of the diw 

TlM «kpms»io& “ width,” when used in relation to the tyre of a wheel means the 
diitapice measared horixontally and in a straight line across the 
, elwiwmfemce Irf the wheel imd W 


Trailer. 

Mutor ciib. 

ii/) 

Axle weight. 


Begitticreil axle weight, 


Weight. 


(.i) When 


(H) 


.Hie e 

the vqliiide or Uailer is unla 




euriiMit d tire totheet aparti 
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(/i) Diuruclcr, ” in rvlatitMi lo a wheel, meull^ the diuihcler niea^uml iKitwoen tin) 
twu ni>i*<>!5iu* points in the outer hinl'uee of the tyre whieh are 
I'iirlliO'at apart. 

IIL— 

Exeept as itrovhled hy rule 40, a motor \elfmle ^hsill hr «lri\eu in aeeoiiianee \\itlj tl»e 
rulr" of the load, whieh leijuire ii \ehicle Lu keej) on Hie left of 
the road, ex«‘ept when passing horses iiud other \ ehirk-s going in 
the same dircetion whieh slmll he jus^ed on tlie right, provided 
a tram cur on the left oi near side wlmtlier it he going in the same 


Diuuictei , 


liriviii^ ou the riaJh sjnr ni 
rlic roud. 


j'J 


tliat it 8hall ordinarily pas< 
or the contrary direction. ' uT d M 

G, No perstm sluill, in any piimlc^daec or street, learn to diive a mo tor vehie le other 
IVr&ou learning to droc. than a umto/ cycle, unless uceouipanied hy a liceiistd driver. 

7, A motor vehiele shall not be driven in a public road or |>laee recklessly or negligcutl), 
or at a speed, or in a 4^nncr w hieh js likely to endanger huinuu 
llocklt*^il.y dnvuji;. life, or to cause hurt, or Injury to any iierson «»r animal, or damage 

Of any vehiele or property, or wliieli is otherw'ise irhnii reasonable 
and proper, having legard to all the citcuinsianees of the ease, including the nature and 
condition of the road and to the amount of truftic w'Uich is actually on it at the time, or which 
may reasonably he expected to he on it. 

(1) No motor vclnelc Hiall he du\ cn vMtlnn municipal 
tipuodlinul. eaiitonnicnt limits at a greater speed lhaii 15 milc'' nn hour ; 

Provide! I that the speed at whieh a uioUu’ >eliiele shall hu diivi'ii within such limits us 
the minikipal or district hoard, or the r anlonment, eomwlttee may indicate hy means of 
notice boards wiihin their resjjectiNC areas shall not exceed siu‘h rate a^ may be shown on the 
notice board. 

(2) The HiH-ed at which a heavy motor vehicle, if driven on any public road, sliull not 
exceed 7 miles an hours. 

Provided that— 

(«) if the weight oi the motor vehiele unladen exceeds three tons, in* 

{b) if the registered axle weight of any axle exceeds six tons, oi 

(c) if a trailer is attached to the heavy motor \ chicle, the spew'd >lia)l not I'xreed 5 miles 
an hoar. 

Provided also that — 

if the heavy motor vehiele has all it-* wheels Jilted with pne.uniali** tyiHs or with lyres of 
a soft or elastic mnterial, the i=*[>eed at which the heavy un dor vehicle may be 
driven on any public road shall not exceed— 

(a) twelve iiiilCH an hour, where the registered axle weight of any axle does not 
exceed six tuns ; 

(ft) seven miles an hour where such registered axle weight exceeds six tons. 

IV.— Spkcial bulbs fob heavy motok VJlUICLES. 

^4. (1) The axle weight of an axle of a heavy motor 
vehicle sliiCfl not exceed the registere<l axle weight. 

The registered maximum axle weight <»f any axle of a heavy motor vehicle shall 
not exceed eleven tons and the axle weight of a ti^glexsluHl not exceed seven tons. 

(B) The sum of the registered axles weights of all the axles of a heavy motor vehicle 
exceed sixteen tons. 

The tyres of each wheel of a heavy motor vehicle or tailor, unless the tyres 
made of a soft or elastic material, shall be smooth and shall, where the 
the surface uf the luad pr other base ivhcupn the heavy maltir vchiclv muvei 


Axle ' 


kUI. 
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Of reatii be ilaf, provided tliat the edj'es <» 1 ‘ the tyre may he Je\elled oi i‘<»uii<lcd to the exlcut 
in the cuhc of each edge of not more thuii lialf an iiieh. 

I’ro\ ided also that - 

(,i) if the tyre is e(»n>tiiie(ed t»f separate [ilates, the plates ma} he >eparated h^ parallel 
>paees \\hi<*Ii shall h(‘ disposed tlirongliout the outer surface ol llie tyre, s<) that 
nowhere -‘liall tlie aggregate extent of the space or sj)aees in the course of a. 
straight line drawn honziaitalty acei(»>*' the eirennifetem'e of the wheel exceed 
one-eighth part of the width of the tjte ; 

(li) tlie ilriviiig ndn i l- irt a hea\} motor \ehiele shall he cylindrical and sm ooth- soled 
oi-Jiod with diag»)nul erossd^s of not Icss than inches in width, nor more 
than three-quarteid ol an inch in thickness extending the full laeadtli of the 
tyre, and the sjiaee inti*rvening between each such eroKS-l)ar shall not exceed .‘J 
inches. 

^(i. ( 1 ) The width of tiu* ty re of each w’hecl td‘ a hen \y mob a vehicle or trailer shall la* 

deteimiiUMl by such of the following conditions a- may apply to the 
eireumstanee- «>f the ease : — 

(</) The width slaill in every ease 1 h‘ not les> than 5 inches, or, in the cum* of a trailer, 
3 inches, 

{b) The width <liall not he less than that number of half inches which is eqiiuMo the 

uuinher of units of registered axle weight of the axle to wliieh tlio wheel is 

attached. 

Iho ujiit of registered axle weight shall \tti 7 according to the diameter of the wheel, and 
the rules set forth in the sul»joined bcale, that is to say — 

(1) if the wheel is 3 feet in diameter, tlie unit of registered axle weight shall be 7 J 

ewts. 

(ii; if the wheel exceeds 3 feet in diameter, the nnii ol registereil axle weiglit shall 
be ?* cwts. with an addition of winght in the pioportion of 1 ewt. for every 
12 inches by which the diameter is increased beyond 3 feet, and in the same 
propotiun fur any increase wliieh is greater or less than 12 inches ; and, 

(iii) if the wheel is less than 3 tee! in diameter, ilie, unit of registered axle weight 

shall U’ 7^ ewts., with a dedin iion of weight in the pro]K>rtion of 1 eivt. for 
every G iiiehe.s by which the diameter is reducctl below’ 3 feet ; and in the sjune 
proportion for any reduction which is greater or less than G inches. 

(2) This rule shall not apply to any tyre wliieh is [inauimuie or which is made ol a soft 

or elastic material, or to trailers not exceeding one ton in weight unladen. 

27, The diameter of a wheel of a heavy motor vehicle or tailer, if the wheel is fitted 

with a tyre w hich is not pneumatic or is not made of a soft or 

bizc of vvliw.'l<<. elastic material, shall be not less than 2 feet. 

23. A heavy motor vehicle and any trailer attached to any such heavy iiioiur vehicle 

wwtb .ma togth of vouidc. ‘“‘I''*" ‘'f 

width not exceeding 8 feet G inches, and no Jicuvy motor vehicle 

of train made up of a motor vehicle with one or more trailers attached to it shall be iia‘d on 

any street or road if such motor vehicle or train exceeds 7o feet in length, 

2d. Kvery heavy motor vehicle and trailer shall be constructed with suitable and 
fipriugs. sufficient spiings between each axl,j and the frame of tlu‘ heavy 

motor vehicle, 

30. (I) Ifiaeh tmiler attached to a heavy motor vehicle shall have u brake aiiprovcd 
by the ticeiisiug authority, and each trailer shall carry upon it a person eumpeteut to u^iply 
the brake efficiently. Provided that where the brakes upon the motor vehicle to which 
any trailer ia attached arc so conatrnqted and arranged that neither of them can be nsed 


bizc of wiicrls. 


Width and leugth of veliirlc. 


‘ livideuUy a cluiud mvi iur 7^ 
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without hi'iiigiitg' into uction siimiltaiicoiir«]y thi; hmke atlMched to the trailer, or if ihu 
hrHke of the trailer (*an be applied from tite motor vehicle independently of the lirakes of 
the latter, the above coiiditioiw need not be complied with. 

(2) No heavy motor vehicle used on any street (>r road shall have attachetl to it 
more than three tr.dlers;. 

31. A trailer t^hall not be iLluiehe<l to a public eotiveyan<;c, except iiiider a peiiiiit 

VehidcB for the granted by the Government or by an ofhecr authoriaed by it 

of pa«aeD|?ers. ' \ycha\i’. 

32. (1) Where tlu* i cfj Utcriiig^ uiilho?’ity oi ibe ni'lnel .Mayi-'Lrate, or the I Sj^ecutiv e 

U.HJ of motor >oiiioU*- on T^itgiuccr, or a Lp eal Bj uard oi Mindeipality, or Cautoiiment 

nri<lges. authority or Rr.ilwftj_ Ailmitijj^nirinn aHixe^ or wets up in 

Miitable and conapicuou^ po'.itions, on each npproa< ‘h to.ilnidge fonning part of a highway, 
notices which state that the bridge is insnfhcient to carr> a liea>y mcitor vehicle, the registered 
axle weight of which exceeds that specified on the said notice l>oard, the onuer of aiiy'such 
heavy motor vehicle shall not cntise or suffer the motor vehicle to be driven, and the person 
driving or in charge of the motor vehicle shall not drive the motor vehicle upon the biidge. 

(2) The owmer of a heavy motor yehicle shall not cause or suffer the motor vehicle 
to be driven and the person driving or in charge of the heavy motor vehicle shall nut drive the 
motor vehicle npon a bridge forming part of a highway at any time when another heavy motor 
vehicle or a locomo tive is on the bridge, the combined weights of which would exceed the 
carrying capacity of the bridge, 

V.— Hill roads and hill htationw. 

37. The following rules shall be in force on the lull roads specified in schedule K which 
shall be revised from time to time as the Government may prescribe. On all such roads mo- 
torist* shall proceed with special caution. 

38. Ill the following rules— 

Night " means the perknl from half an hour after sunset to half an hour before sunrise. 
The ** outside ' oC the road on a hill means the sid^^fri^ii which the 8lo|>e of the 
hill is downwards. ^ 

A *‘hill road ” s^ns^aLroad constructed on a gra dient Sk the side ^ a mountain oi hill. 
The Distnetr >&egh)Uate ehali notify by nJeanTof large noti ce board s on the road- 
side whore each hill begins and ends. *,. ■ ^ 5- 

811. No motor vehicle shdll travel by night on any j^l roads specified in schedale 
£ or on any other hill road on which, w ith the previom iiiiactiOii of the Government, the 
J)istrict Magistrate lias prohibited night travelling by notification in the Oo^ernmeat GatBUe, 
and by erecting notice boards ut the top or liottom of the hilT. 

Should a mot4^\ vehicle break down on any road ou which night travelling 
is prohibited, the driver, Jf unajyfe to a^ouiplish the journey before nightfall, imy proceed, after 
executing the neeessae^i^a)^#^ Vut f^ll lialt at the fiyst police police outpost he 

comes to after dark gives his iijamc and the iihiober of Us car ah^ statement of the 

reasons why he is traveUfiff ho^y.^d shall drive, ^jth g^t^eaution. x 

iO. Motor vehicles sl^ « pass ajtobis^ dmwu by animals 

ua tlM idde mvj from direetkm j*roce«ding. Motuf 

iMdItngr ii{|i!iw feMclw obwrrf 4lie ,of<y^f rule the n»d m 

ssuwaa run 5. ■ ^ ' 

^ • I" a 



Amvmx 4, 

VI.-rOBVS, 


XXXV 


44. All notice hoardw posted at the <^1(103 of the road^ nndev rale^ slwH 1>^ painted red 
with the notice invnbed in white letters sufficiently large to l»o ea*<ily legible ly person'* uaiuR. 
the roads, and all danger svgiipoatM erected l»y anv local authority shall show the signs indicated 
in schedule F in white on red ground. 

' 4"*. Such notice boards or signposts shall he affixed or S4>t up perpendicularly to the road 

and about 275 yards from the obstniciions they me meant to indicate, unless the character of 
their surroundings renders this impracticable, >pecial arraiigcnu nis lioing made when the distance 
of a notice board fnaii it> (jbstriiction is (‘oiisiderably more or less than 275 yards. 8uch notice 
boards shall he placed on that side ot the r<ind which is at the left hand of a pciMin appionchiiu^ 
the obstruction. 

^ (Sec 37), 

(1) Kotdwara-haiisdownc Uoad. l>etween KoMw.n-u and Lansdowne. 

(2) Kathgodnm-Naini Tal Ilfkids. botweiMi Ivathgodam ami Nalni 'lal. 

(3) Naini Ta,l-llivwcry-Haiiikhet Hosid, ls*t\veen the Hrewery atid Kanikhet, 

(4> A1in<a*n-Uaniklud Ibuid, between Aliuora and itaniklict. 

(5) Alniora-Baijnnfli Ibwid, b(*twcen Ilawallmgh and Baijtiatli. 

(6) Kttlsi-Cliukmta section of the Sahumupiir-Chakrata Htaid, 

(7) The Mohand and Tinili 

ScHEi»rr,K F. 

C Sfie rule 44 ), 

Signs donoting ol)Htniction>‘. 
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|?TnST INTRUNATlONAt ROAD CONQUESS, PARTS, 1908. 

FIRST QUESTION. -The Present Road- 

1. Tlic Con"i‘eii«!i drawp ntt<^ntion to the noce-iftity for oonstrnoting the road foundation 
very oarefidly ^’ith the tonglicst nintevial : thi.^ constirnent of the road plays nn imiv)rtant 
part as exerting a conBideralde Indnence on the w ear and tear of the highway as well as on the 
lipkeep of its pn»file Wliile choosing the foundation system, the natnre of the aul)-soi l and the 
itrnctuvo of tfie iixid as well as the ehaiacter qf t^tjhl^sing the road are to be taken into account, 

2, The Congress is <»f the opinion tfim a fi»nndutk>n upon a 4— Gdnch concrete course hi 
especially to ))e recommended in rarrying out paving even with large paving stones, In this 
ease the stones are to be laid upon a thin sand cushion. 

8. The Congress thinks that it is desirahle to continue and to extend the trials made to 
incorporate tar nr hitnminons prodnets into the material of the surface with a view to arrive 
at some efficient and cheap methods of carrying on the work. 

4 , The Congress rcc oiiuiionds iluit a l ander suited to the nature of the road material, 
and reduced to a minimum should he used while the roller is pressing down the surface. 

5. 'J'he Congress expresses the desire that the arrangement of the rows of paving stdnei, 

either ohliqmly or jKMpendicnlavly to the axis nf the road, hejai^'etiiuul-t^^^ ^ 

C. The Congress expresses the desire that the paving with small stones (Kleiiipflaitter) 
having iKJcn reported as giving excellent roads, as regards toughness and cheapness hf^ tested 
and e(nisiderfd on roads subjected to various forms of traftie. 

SECOND QUESTION -General methods of maiaienance. 

The Congress considers it advisnhle to keep as closely as possible to the following 
indicftii^fl 

1. AMamdam Roadwai/9. 

(d) I ntil the experiments in process lead to a complete change in the present metlwalR 
of maintaining maendnm mads, it is recommended that the various services 
eoiieerned with this maintenance should gcneraliKc the complete ro-s urfaciiig 
methwl and limit the partial repairs to the filling up of important holes, princi* 

C, Iially ai the close of the re. »snifncing p eiio<l. and, al)ove all, during the winter 

preceding tlfc^ f e«.surf aci n g hy means of rollers. 

(h) TTse as far as possililc only hard and homogeneous load materials regularly broken ; 
make choice of a bindci ’ suitable to tlie structure of the road materials used, 
reducing, moreover, this binder to a minimium w*,- 

(c) Hc-snrfa ee at once the whole width of tlia rwwl way wherever it is possible to turn 
* the traffic out ojf tlic roadway iipoi| the sideways or adjoining roads warning 
lioards Ijeing jt1a<*ed at the in either div(N?tion into the carrying 

out of the I'e-Bui'fndng as well as the tod to use for the purpose of avoiding 
the jiortion Mng rorsitr 

(r/) (\»ntinne and .undertake any daTelofmient wh^ may ap{)ej^r useful the 

experimanta mhde with surfaces of to to aeeordin|j to various 

processes, or with the use of any kind of binding material. It would le 
iiecessary to eaj^fnlly cheek t|ie results 'olitnined as re|{ftrds th0 
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svctloiis ui' kiiglli auu ci'OA»*>t‘ct:ioii^ , uiud au«l duet iiuinHiice. uittuein 

ui traflic atiil tuuiiage in uKlur t«> iltoterojiut' thu ui' ruaUway Us^i 

iiieutis niodcru deniaiide and iequireintnN on load^ subjected to the htavk^t 

Uouti^. I'l.i 




M i: ho only iiuiieiiiiln wlilcli hi*- eutiitlx botnogeiioiu and ]>eilwtly ^urkd i nd tsolcittrd. 
(6) Ust <iiily flottn eUurp suud. 


((?) Keeji coLtinuuily a iigular prutili* lilliiig up at om*c* an\ holt*v nnd depreesion^ 
aiul umkiug tlic nc4:i.^eai'y repaii>. 


{(1) Undertake a genual ruiex> al of paving eoutainiug ba»l t.inh- on the ;»iu£ace over a 
eon«dcrftMe aiea, ilierc umnot etKcleiiily l>c met by ordinaiy repair^ whkh 
too often inlro.lJK*e other irr4'gulsirttie> into the profile, 

(f) U'.aiit ainli 'iiiy tn Ivy water and nuiin-, uiidei* paved road', only in 4'xeeptiouul 
eL4!»<‘' Mild fur want of any olhci pi'aetieal 'ulution. ^ 

THIRD QUBBTfOH' -The struggle against w^' and dust. 

1 The i'oiigie-' u•t•ulllnlenll^ the u>e ui ■'Uita))le pining oi ui her improved ’surfaets 
H remedy for wear unn t^ai, ah well U' du-t upon roudh hi4l*p'ete<l to ii'alHo heiivy in eharacUr 
•oi ill weight. 

The t^Miigiv^' iee< .lima nd' the d^'velopiucui o| well light and i'reipieiil 

watering l»y intM’humeal moanh, Tiie ii^e of Mivfaeing 'ueli will fa' iJitaie •^weeping and 
'reiuo>ing' of imu! i* nlrtu advi'i ■, 

8. The <>oiigie:^« eon-iider.' that eiiiiil?*ioU'' ot uir oi oil', hv uru.'eonie ,'ulti ». ete.. mm* really 
eftici^jTit, tmt unfortunately only for « ‘*hort time. Their n-e. rftereivnH*, hM> liad to be limited 
SO far to i^pecial circuni^tance.<9 ((‘Ucli as motor races, festival.s, etc.,), It h, llo^^e^er. advisable 
that trials should be continued laitli with the Hiihstanec' known to-day uud w itii any siuiiiai 
producte that may siibMeciueiitly he 'jiiggestcd. The planting of tree' uJong the roml' i« a,|T*o 
worthy of encoumgemoiit from the point of view of the snpprension of iUihI. 

4. (a) ConcetHtny the of tot\ — The Congre^w ^•on'idc•rH that tarring, when well carried 

out, is iiudoubtedly an ertieieiit lemedy against du^T, and thii, it uho lo ^ome extent protects 
the nmdH ii.guiusl. the de^trneti^c action of vehielcr in general and fast motor ears in particular 


{b) Une of tar ineorporated m the road Kxpcriineiil'j up to iho prcnait dab 

are not sutiieieut to allow detinite judgment to Iw passcfl upon the result** obtained. It U 
desirable that then*, experiments should be eoniimied l>carin>i inmimi the expeiieiiee acquired 
ill different countries. 


FOURTH QUfiaTlON— The future road 

1. The Longresa ctinsiders that w here the iratlic of self-propelled vehicle* is not Ttfj 
great, the preaeut rond, ii it is eoiistrucied aud maititainod in nccordaiicc with tbo resolutions 
piMMfed on the two tirst (luesthaiei, i% satisilaciory. 

*4?. C«) The 4*uiriagcwuy of the roml ot the future .'hould Ik; houiogt iicou- and compofreil 
uf materials which are hunl, tough, capahic of resistance mnl not frlipjiciy 

{b) There sluuihl be but oue mailway for every kind *ii vchicic proportioned to the mteU' 
sity of the trafHo, 19 feet 8 inches (six metres) wide at leai't, j-uve in the exceptional case of broad 
pleasure aveiiuen w^here several separati* roadways arc to be lecommeuded. i 

(o) Uavc the iea«<t caxglj^r' compatible with an easy ruimizig oil miu water 

(d) Have moderate gradients with a small diffcreuce os possible betwceo the muximuin 
gUil miaiimuib uudcrstooil that in exctptiouul cases, gmuients may Iw sneriheed, if 

avcctiiaryi to gvold sharp tjufves, 

C»A 
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(/>} 'J hti radii of curves »«hou1d be. af» great as potiflible, 164 metres) at least, 

the caryee being connected with the tuiigents pa fabolin ar ea. 

(f) Tlie ontside of curves ^bonld bo slightly raised, but so as not to inoonvenience 
ordinary vehicles ; no obstruction to the view should be allowed at the enrves. A narrow 
sidewalk lx>iinded by a kerb should l>e laid on the side of the shorter radius, and the depositinfz 
of heaps of materials should Ite forbidden. 

(ff) IntersectionH of roads should be visible and well opened out. 

^^;;t“Kaihyay lfiyfJ-er<tsKjng« should l>c avoided as far as possible, and in all cases 
should be well opened out and signalled both night and day. I'ramway crossings of roads should 
also be signalled. 

3. The Congress recommends that wherever they may be. needed tracks for cyclists and 
]iaihs for horsemen be laid along the roads. Finally, it is desirable that the sides of roads 
should be cl4^rl]fAlejin6d as much as possible by trees. 

FIFTH QUESTION.— Bffeots of the means of locomotion 
upon the roads. 

A^^Coneernifig ^p^d. 

1. The trathc of fast motor cars with n neumatic tires caubcs the disintegration and 
distribution of the smaller particles of road material The greater Ihe speed the more this 
condition is accentnated ; the untie so if the road is of badly constructed macadam, where the 
materials are inefiiciently Ixtuud together and the binding not well incorporated witli the road 
materials. Such circumstances genenilly conduce to the formation of dust. 

2. Too sudden an increase in the H[)eed, as well as too sharp an ajtplicatiou of the brakes, 
considerably increoseN the damage done to the road surface. All changes of speed also do 
harm, but in less degree. 

8. In the curves the action of the centrifugal force is added to the ordinary effects of 
speed, and may considerably increase the damage to the road. 

Concerning elaetic or rigid tiree with or witnout Hotfekidding decioea, 

1. With fast motor cars, it ih imiiortaot to reduce as mucli as possible the damage done 
to the road by pne umatic tir es by using covers formed exclusively of pliable materials, or 
at most studded with rivets, the p ^ecti oii of which is small compared t<5 their diameter. 

2 With heavy motorcars, lorries or traction engines, the tires of the wheels, if ri||id, 
should be smooth, except in special cases and on certain roads. 

Concerning the aciivn of weight. 

The tradic of heavy motor curs upon macadam roads has u tendency to damage the 
same, principally by causing depressions and ruts. To avoid this damage, it is important in 
particular that the preisui^ per nmuiug inch of tire ehunld be moderate in reUitiun to the 
reidstanco of the road to shearmgj^ou. A maximum of 840 lbs. per inch-width of tire seems 
generally suitable mth diameters of w^heols used at present. On the other hand, the absolute 
axle load is to be considered, os too broad tires oounot exert imiAprm pfuseure nfam the ground 
hiy reason, in particular of the camber of the road. The audeliimmi of axle load oompati* 
ble with a sufilcient life of the ruml depends, moreover, both upon the constitntiou of the latter 
and the speed of the vehicles. 

SIXTH QtTSaTIOIt.-Bibol of imA$ on Vihloles. 

The Congiesa notices the^ the same coneloeiou is always aitived at {rom ail points of 
vieVt eiSf, ^ When the condition of any md is unfavotirohle to tot 

'''iMtfYrr rwNvo, tb« nnd Hnvif i, injuf^.” ibtrvfere if v^nTtbiig |j« Jrow Ibl 
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topA irltiel) tuA.y eaiua iJie rebiolei to be Injared, the latter are no longer an agent of nnnsnal 
wear and tear of roads, provided that they arc kept within limits compatible with the 
Structure of the road, considpred pe vpgard*; their speed, the constitution of their tires, their 
acccle]gtion«; and thoir weight, 

SBYBNTH 

The Congress esfMresses the desiro— 

That the system of marking distanf'es may he reorganised as soon as possible according 
to a general and uniform plan for the whole territory of every country. 

That t{ie principle of this organisation may Ijc the connection of large centres. 

Tliat the indication^ of distance may begin from the large towns as regards all roads 
radiating from them. 

That a uniform uu>del fnr all niile^itouos may lx‘ used, and that the inscriptions may be 
few in number and \ery legible. 

Thai a uniform method for calculating the distances may he adopted to facilitate Che 
calculation of cumulative distances. 

That steps may \)e taken to obtain from the several countries the a])plieatIon of Identical 
principles. 

That the administrative indications may be limited as much as possible on the boards 
Indicating the directions in order to obtain a large surface for the Inscriptions of direction. 

That, from the point of view of the interests of international traffic, a system of warning 
signals representing the kind of danger and including its name in the natioiml language 
should be adopted in all countries. 

That the number of signals should be limited to four : (1) Obstruction across the road, 
(2) corner, (3) level crossing, and (1) dangerous cross roads. 

That danger signa I h, when thc> are supplied by private bodies, pro vidctl that they are 
approval by the authuritiea and placed in position by them or under their iiiHjiectioii, should 
be considered as belonging to the highway, and should have the protection of the existing law 
relating thereto. 

XIOHTH QUESTION.— The road and servioea of meohaaical transport. 

(1) Automobile vehicles may be advantageously used for public conveyance without 
injuring the road to any noticeable extent, upon the condition that the average speed does' 
not exceed 18 km. and the maximum speed does not exceed 25 km. ; the weight of the 
dHv^g Mcl ft must also be reduced to a strict minimum, and the weight of the heaviest axle 
must not exceed 4 tons when working. The pressure on each centimetre of the width of the 
wheel rim must not exceed 150 kgs. for the wheels of the diameter at present in use. 

^ (2) Tranapjw ts for industrial purposes by means of explosion motor lorries may cause 
no injury to the road, upon the condition of observing the following limits as regards speed 
and weight 

For the average speed of 10 km. and maximum speed of 15 km. the weight olthe 
hesnrieat axle, when working, must not exceed 5 tons ; the driving axle may have metalllo 
tires provided that these have smooth faces. 

In all cases the pressure of the tires per centimetre of the width of tire must not exceed 
1 50 kgs. for wheels of existing dimenshms. 

(3) It is difficult in the present eondition of the roads and of the automobile Industry 
to answer the ques^one from tibe traffic of heavy steam lorries, and traction cngliies 
asllmir use is naoessariiy limited to a eomparativily small extent ; it would be useful In 
case of heed, to ftx deflnith routes on existing roadways. 



r>. 




(4) In to nfl9rm these duln and make them more complete, tli^* Oongrrc^fi oonslders It 
deftifable to collect exact partictilnr^ compilerl by competent niitborIties» a» to determine the ' 
relfiitidn^ to be kept l>etwoon the constitution of the roadways and the power ef retlirtahee^nf ' 
structures connected therewith, and the speed, wei^5:hr, width of tires, diameter of wheeii-nnd 
nature of the tin> of the vehicles, the method’ of sn-*pen-ion of vehicles, the number of axles 
and their di^tHucc ajmrt. 

Co) Fur the juajj^nanoe of the roiiiK as well a** for its working, it is desirable to 
lay the tracks of li^tlit **utf>ide the la*d of the road : at aiin rate, it is advisable to lay . 

the tracks of thed^w•aiIwa\^ and of the tra mway lin es on special I'cd'*, leaving the rotid a 
minimum wUTth of r> metres clear of the railway. 

(ti) WIicn tracks must he laid in the roadway, it i« desirable that they should be laid at 
the level of the surface without any projection or depression, ami without any change of 
contour , either in the transverwil or in the lonfijituiUnal dire<Tion, and that the roadway should 
he such that a width of at leas^ 2 m. 60 shouhl Ikj pros hied clear of the portion of the surface 
on which tram cars will run; it U recommended that the rail should he pr(tvidod yvith a 
eouiifmJiMai.il. which bi' either c<iunoctod to the i-ail and form .t miiipie Iti^lovyjjil^or he separate. 

(7) The Coagi'Css expresses the desire tlu^t tramway authorities nuiy coutinuc in the 
general interest the rcsourehcft already carried (»iit with some «ue(^ess in order to improve the 
coiitatructiou and maintenanee of the tracks, and especially of I he plant laid in the roadway, 
uod that they will rcmoxc. everything trhich may impede general trallie. 

SEOOVI) IVrEH.VATIOXAL ROAD CtlNOllK^R. Bltl'S^KL^, 1910. 

FIRST QUBSTION.^MeUled and pftved roads. 

(Use of bindifi£;.jag;^rial6 in the construction of metalled roads. Use of 
traohways in the iiaved roads. Progress made in comhatin; wear and tear 

and dust). 

/. ' fVc nj h'tuil'nttj in rojf^f/nrfhfn mvttdU'ii rottth. 

The C<*ugress iH'lieve*^ tli.d it is iie-^mible n# pirsiu* and dctclopUu' ai»plieations of the use 

of binding xn.ilerinl^ in ihe eon«.ti netion of metalled ruudyvays, special attention being given — 
k . . 

t' ' Xo Aeteimuiw, in each ca«e, the character of the hinder best suited to Inenl ntndWfriiff * V 

To determine, as exa^y as possible, the physical njid chemical characterifitic‘H to be 
s(«eifted for tur. bituminous, as|iliaHic or other binders as sniu^l. 

8. To compare th^ difforbnt results obtained in \arious methods of construction. 

4 . To investigate the influence tliat storing of tarred metul, during a more or less extended 
period before being used, may luuc upon the |>erfcction of ilio work. 

A To make a study of the deterioration tliat the inaterials arc subjeeted ro during use. 

' 6t To specify the system to l)e advised, where ordinary* metalling has proved deficient and 
stone paving cannot for some reason be applieil. 

7. To establbih for each district according to UN.>al conditions, and In each c*M, the relatioii 
helirten cost and the result obtained. 

//.— U^e of traekwayn hiimved roud». 

(u) Apart from exceptional cases depending upon lo<?al conditions, the con^tmctlon of 
traej^ayft in paved roadways can hut be considered a n e^ypeili^nt . 

7i/. mud e, hi cumhaiiny tc<wir und dmt, 

tlwlHu^Ci«gpC«iin IM8,MidiwdiN;M*C0UlCi^ 

*hov* to fui'thw refemipe to ttie first leMolntion'.jmt Mdptui knfi wWrh I* ,*f , 



AmiKhlX fh Jill 

fioia point of viow of romUilng* wftar fln<1 (ln.«t, Imt from tbAt of 1>lndinf; mAteri*iU in 
metaHed roads, the ■Congress belieres— 

1. That siipcrficial tarring may bo considered as dednitely accepted in praotico, and that 
the advantage to derived from sproafUng fine sand or suitable stony material after tarring 
and rolling the same is not at present proved and should form the object of compai’flti\c tc«ts. 

2. That in the future application^ of these methods, the attention of road builders be 
drawn with benefit to the compavis<»n of results iddaiued by the laying of tar, bituminous or as- 
])haltie snlistances, liot or cold, l>y iimehiue oi by bniid. both from the jtoint of view of ro«t as 
from the poitit of view ol the ellieiency of the operation. 

.‘1. That it is dtvirnble, in coiupniiiig results, to take into account the (jiiality of the 
materials composing the metailiug. riie intensity of traffic and loiinoge as well n« the climntr. 

4. That, uith due regard to the rcstuoecs of each region in far. Idtnminon.- r»i* nsphaltie 
substance^, it importin t t j specift In eoiitracfs the conditions tlinl are to be fultillod, s))0<-ially 
as regards the )nTse»^ntion of “Me,'* that t<» say. tlu* p\<*)irrty of |ucsovving their lauding 
power. 

.*». 'I'lijii ii wuuhl 1 m* clesirahle that u comjmivon he ostahlishcU lK3tween the advantages 
of tarring — this word iKjing taken in its t»roadest sense in different cases; Avhctlier the opera- 
tions are to he fietpiently repeated, small dosew being applied each time ; or whether large 
quanties are to be applied at greater intervals. Furthermore, whether, in the niotnlling itself, 
a tar bituminous or asphaltic Iniiding material, has already been incorporated or not, 

(i. That tlic e<moluj»ion ado]itcd by the first f^ongresF. U |o he maintalueii m ioto rutiningns 
foUt*ws ; emnlsionsof tar or of oil, hygroscoph* salt*., etc., . , hn\«‘ a real, bin not n lasting 

eftlcieny. Therefore, their use should ho limited to -'poclal cji'CMmstniices, smd) a- i.sco-eonr'ses, 
festivals, proc(»*-sions etc. 

SIOOND ^UESTIOa.- Foundation and drainage of roade. (Method of 
carrying out the work ). 

Fo'mdation, 

I. The formation and eonstructiou of foundations of roadways should be made the stronger 
in piopoition to the lesser compactness of the ground. The foundation should have more hod}' 
and resi«tance the moi*e it is expose<l to internal deterioration anti external Avear. 

II. In the choice of the systcui of foundation for rtwdAvays, both stone set and uActalled, 
stress should be princi{>ally laid on the degree of tlryiicss and dampness of the snh-soils,, while 
having reganl to the jwsstbility of their drainage and to their geological nature and to the 
nature of the materials of the locality. In (»rder t<» determine the thickness and the extent of 
the nias^ ve of the foundations, pressure for unit area should l>o made compatible with tlw 
carrying resistonee of the soils oliserved under the most unfavourable conditions. 

Drainage. 

III. lu soils, where preliminary drainage is required liefore the eonKtrm^tirm, the genera) 
n>etliods of drainage should be applied to tbo wlmle or to u part of the rood l)ody and to 
the bed of the metal, if necessary. 

IV. The cross and longitiidinul sections of loads uud tliow* of side gutters should b(* 
established so as to facilitate the fioAv of the trickling Avatcr and to prevent infiltration of 
water into road surfaces, w'hieh should be made ns iinpei’meable ns poHsibIc. 1'he evap^nn- 
tion of superficial dampness sboold Ite encoumged by every means. 

V» The wmriBB tothe foiuulatloii and for dralna^ should be carried out simply and 
economically and by using of th^ materials of the country as far as possible. 







THIRD QUISTIOH — Ujrlfig ligbt railway* a&d tramwayl on roada. 
Advantages and disadvantages. Xffeet on tbe varions metbods asd tbs 

cost of insintenanee. 

I, In the study of the new roads to be oonstructed, both in the neighbourhood of large 
towns ns well as in the open country, it may be useful to try, if* it does not interfere with 
the general interest, to provide a suflieieni road withh for the construction of a light railway 
outside of the roadway. 

■J'he trace, the gradients, the design^ of cross-Heerioii will l>o, according to the require* 
meats, detcrmiiUMl in such n manner as to reqer\e jill ihe facilities and necessary safety for 
every kind of traflle. 

It Ih deslrahU* that tIjc Mippionicinavx hliould l>o defrayed In the eo neeasion-hol dfir 
or the eon>trmMor^ of the light rnilnnv a» lai- a‘< ilie pari of road reserved for the rail track 
is eoncerncil. 

' n. .The eonsiructioii of sunkon rails In the metalled roadways are always harmful for 
the Viftbiliiv of ihc roads, and there results a marked increase in cost of tlie inaintcnanoe of 
tlie rtiaris. ^ It is tlesirnWe that this methotl dumld be nti'ided as much us possilde. 

The establiisUinent of rails tor tramways in paved -roads makes the repair of the paving 
very difticuli, where abutting agai last the rails, li is nooessary to diminish that nuisance, 
as far as possible, b} appropriate method®. 

111. Where the railway is pl.'iccd ))y tlie sidt of the road, it Is preferable, where the 
width of the road permits, to consintet it on a special track, inaccessible for wheel traffic 
and super-cievated in order to allow greater safety, 

It is necessary in all i‘.ases i.o provide proper drainage. 

If It lb a case of metalled roadway b. tlic eouoessionary or constructor of the railway 
should l>e obliged to construci on the outside Un'dar of the free roadside sufficient dopdts for 
materials hn* the repair of the road. 'J'ho saint* obligation ?jhould be. in some cases, extended 
tt» paved roads. 

lA’', The removal of trees along the roadKidcb should not be tolei'ated, unless in extra- 
ordinary ease^. 

If tlie width between the tree rtiws# is iusufficieut for the rail track to maintain the 
recognised noces*»;i]w width for ra’dinary w lioii Iraffic,. the track should V)c laid on the out- 
side of the IrecH. 

V, It is debirable. tliai the concessionary of light railways should undertake the duty 
of maintaining the area of the road or roadw^ay occupied by the rails or contiguous to aamei 
or pay the costs of this lUHiutcnancc. 

FODRTH QUESTION. —Oleansing anfVr atSrl ng (Necessity or utility. Methods 
in use. Their costs. Comparison of various methods). 

Throwing refuse ui>tui the public roads should be carefully avoided. Bwoh refuse should 
be swept and removed by the municipality and not by the owners of adjoining property, 
provided the cost of this work is recovered from the latter by 

In large towns it is necessary to give special care to cleansing and watering. 

Cleansing should be done as rapidly as possible. 

Watering must be frequent and limited in amount depending on local oondltioaa. 

AVashIng and sweeping are be done as early as pospihle, Mechanical prcwessei. are 
{larUcularly recommended, 
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ttbprovemeni in the implenieutrf arc lo be soujiht for with a view* of inHunn^ ihe most 
complete cleaning; wiU» the least inconvenience, to the public. 

Motor machines arc culled upon lo U* advaiHaj^ooiislN list'd Ibr the cleaning and roa<i 
watering in large town«. 

FIFTH QUESTION.— Choice of surfacing materials. 

1. Macadam earned out aecordinj/ t<» ilw mctlMrtls ot 'rresaguot- an<l Mac»Adani, causes 

dust and mud, is expensive tn maintain, and i** -uiiabh' in laryc (!itios oid> for eireets where 

the traftic is not very great ur bt-avv, 

2. The cxpcrimenla] work carried oui in recent years with mat^adam improved by 
using bituminous or tarry-coating or binder must be contiiiue<l in order to determine Iho 
best methods of utilizing this kind of construction uiulcr varying conditions. that this 
question may be submitted aeain at. the lortheoining (tongress. 

3. Htone pavement has great qualities of resistance an<i durability. Its maintenance 

is easy and economical; it produces lianlly any <lust and is suitable where there are 

tramway tracks, 

4. It should be adopted in thoroughfares wherever noise js (»f little consequence, or 
when asphalt, surfaces are not suitable. It should consist, of sets regular in sha)>e, durable, 

1^hut not slippery, wearing evenly, lanhupoii a foundation and with close joints. 

5. The Congress expresses the wish to sec the trials of small tel pavements continued 
wherever local circumstances and traftic conditions permit. 

6. Wood paving is noisclos. not slippery, if kept clean ; it stands very heavy traffic. 
The use of it shouhl be extended even t(> thoroughfares through which tramway lines run, 

7. The respective advaiuageb of ^vft and hard wood block.s mubt be a subject of 
diaoussion at a forthcoming Congress. 

8. Asphalt paveiuents should be recommended owing to their good qualities from the 
hygienit! poy it of view, their case of cleansing and of repair, and owing to the small 
traction effort required on them. This surfacing is almost noi-rless and produces but little 
duBt, but it is unsatisfactory adjacent to tramway rails, 

9 There is opportunity for Us u&e in fashiuuable. ihorougliiarch wlicic the traftif*. is not 
sevei’e, tvhere there are no tramways, and where the {gradients are very moderate, ^ 

10* Fin.ally the trials' of asphalt, flag and block pavements, regarding those qualities 
not yet dcteruiiuod, should be contumed. 

SIXTH QUESTION.—MetliodB of carrying out road work iu connection with 
lighting and wa tcr-cu pply. 

1* It is desirable to free a^ far j>us«ible the carriageways from the muu'r ditoibutifiti 
systems which now encumber them and to leave in them only the large sewers and mains 
which roepure little atienlion. 

2. As far as possible the minor dibiribuTion niaiiib which are connected to the adjoin- 
ing houses should bo doubled and placed on bt>th sides of the street. Thij-i doubling is 
especially recoin mended for sirccts wiUi hcavv traffic and also for those where the Mirface 
rests on a soliil foundation^ 

3, I(< is advisable to coiisidci ihe advautagCB ol' placing all distriijayi^^ except 

gas> in sub-ways of suttable dimenbions placed under the footways. Iii llli^ ca»c great care 
must be taken to prevent flooding caused by breakage of water pipes. 

I, When the distribution works have l^een actually placed under the carriageway, the 
Congre^ advises that the system of doubling should bo applied prudently by taking advaut* 
life of tbe opportunity givw by cousidorablo ropairo or aitcratioos. 
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Comiilulf agrtjeuieiit U iicc<jri»ar\ Ijetwecii all authorities iutereited iu streets, iu 
order to ctuidud llieir operations so as to itiierfcre us little as possible with tJie tnpitfic. 
h i«- most desiral'le Hint all street works 'should Ik* under tlie .ueiierul direction of those 
respoiisil>le. for iiKiiiiliiiiiiiig the surtuee 

’I’Jw v\ork must be ciuried out as rapidly a^ possible and so as to reduce the space 
occupied on the public higlwyay aii<l ubstruolioii In Iraftie 

0. Ti’oes plaiileil in the footways iu urban districts ^hoidil lie chosen so us not to 
inconveuieiicc the frontages by tlvir lea\es, nor to interfere their roots with the distribu- 
tion systems. 

BBTSfITR QtfBBnON.— iBiluenee of weight aad speed of veSkles os bridges 
and other special stractures. 

1. The dexelopincnt of meelianicaJ Iraliic has not liad. up lo tiic piesont. the elt'ect of 

increasing the weight of vehicles generally ix*yond the limits recojjfiiised by rcgulaliun'^ and 
custom in eouueclion with ^-^^t^j*^* ***^*- 

111 any ease it is desirable that, when existing regulations arc rcvisctl, steps should be 
taken to t.est bridges by placing upon them the heaviest prol>able loads under the most 
imfvyYjiiir^dile jiud exclusivclv composed of nieclianical \’chicles 

2. Under the present eouditioiis of constructing motor vehicles and buil<liim [ml»Uc 
roads, it docs not seem possible tliat the spec<l of vchieles euuM linve any ctfeet on niodern 
and well-built bridges which have not alrca<ly 1 x*cji duly taken into acctHinl in ih'iusualJv 

I adopte«l methods of caleiduiion& of strength. 

It may be advisable, howoer. when testing new bridges or re-testing existing in’idges, to 
make usc of the Iioavicst' uioLor driven vehicles perniittcd to uui. and running them at higli 
“ speed. 

3. The couaolidnUon tsohdarisalioii) of the diit'erent parts of wliicli bridges are euiu- 
pobcd, aid their capacity Lo withstand the effects of \chicular traffic. 

IKIKTH Rend vehielee. (Ganditioas to be fulfilled bp how or 

mechanically driven vehicles in order that they may neither eanse nor snilnr 
any extraordinary damage to or from the roads) 

A. — ^VUk regard to unimaU drawn rehiclnf. 

1. I lca\ily loaded vehicles with luirrow i^^rc? may eau-e exccptiouul damage to roads 
.laid do>vn with a view to general tnvttie. 

2. It is ilcsirable that trials be taken in hand for the purpose of determining the relatiuii' 
wliieh should subsist between the loiul. the diameter of wlieel. and the width of .tmKl so 

lo avoid aimoi'mal flaiuage. 

Ji. — 117/// regard to mvehanicffUg drawn rr'^iinr* 

1. s^Lieii automobiles as fall under the head of •'louring ears'' eai mol cause abnormal 
damage lo the roads so long as their spwwl is kept within limits. 

2. Tublic SCI' vice automobiles cannot cause apprecialile damage to tlie romb pi'ovidcti 
I lie maximum speed does not exceed 25 kilom. per hour, the maximum axle load does nut 
reach 4 tons on ,the heaviest loaded axle, and tliat with wheels of 1 metre cUauietcr. the load 
is below 150 kg. per ceniimcti'e width of tre^ 

3. Industrial automobiles need not cause cxeeptiunid damage to a welhcoustfuctud 
road, provideJ'flmtTliel^^^ limits are wlhereii to 

1st typo— Vehicles In which the axle load is less than TJ tons— 

Maximum speed, 20 kilom. per hour* 

I.oaU uu tyxw ; 190 kUo|;. per cm. of vt| vrlth wh^ of i uttiWc 

iu duuttoW'i'- 
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in uaiTow fitruutfj in tuwnh and in Jium? ciiiuh wlifii «nniiini mr. lu Ixi 

feai'ed, it is i)ussil>k‘ lo inininiiM; llu* ii icon Mini it* irt I»y ivdiiciii” ilic ^pird in a siulid)l(i 

pru|iui'tion. 

2nd tyi>c — V^chii’lfh in wlnoli IIr niaMimun axle hunU l><.‘t\vccii 4] and 7 tons -- 
Maximum spued, 12 kiloin. pur liuur. 

Load on tyres: 17»t> j>er uiii of width of tread with whu<‘ is of I met re in 

iliameter. 

Provisionally and under reserve of the results of further expen nuMits when the iliame- 

ler of wheels is aljove 1 metre, the load per eni. widtli of t read should Ixi caleulatetl for 

both types of vehieles ami also for such as are deseril>ed in [>ara;jfiaph 2 hy usiny the 

■»» 

formula — 

(' = 

where d = diameter iu metres and (' = the load in kilograms. 

|t is desirable that ex’i>eriments shouhl Ixi undertaken in order to deti'ruiine tlie 
maximum width which can Ijc given to the tyres of all automobiles while ^idl insuring that, 
under normal conditions, the distribution of the load on the gnaiml should take place over 
the whole carrying area. 

4. Jlibl»ed or groo\ed iron tyres eaiise alniorrnal damage to the road, no matter what 

their width lx;, or wdiat load they supp<»rl. . ' • 

5. Vehicles proi>eUed hy meeliaiiieal power eauiiot cause extraordinary damage to tlie 
curved portions of roa<ls. provided that at these points a sutlieieni superelevation is given and 
that the curved portion is ijot appi\»aehed or tra\erse<l at an mux asoiiahle speed. 

ti. With a view' to saving the roads, it is desiralde that the ear laiiUlers go eai’efully 
into the questiou of cln (/»lfus and hr ak«>s so that the sk iildlng of the wheels may lie avoided ; 
lhat they also balance the motors as perfectly as possible, ami that they allow' a reasonable 
raising of the centre of gravity, 

NINTH QUESTION. — Conditions for tbe use of publicjseixife conveyances other 
than tramways. (Advantages and disadvantages, capacity, costs, etc.,). 

The Congi’ess is of opinion that public niotor^gininbu*> service should lx; encouraged. 

As a tinal resolution, the (’ongress is of opinion that it is ditlieult at I lie present moment 
to decide definitely on the rcspec;live advantage of the two. modes of transport, but that one 
foriuH the complcnient of the other ami not the rival, and the adoption of one or oilin- m(*Uior| 
largely de^nds on local eomlitions. 

The progi’ess of motor omnibus ami extent of tlie use of I hi." method of transport ution 
is capable great extension : — * 

(ff) by the use of wheels fitted w'itli rnblx;r lyres, 

(ft) by any progress imwle in construct ion. 

The number of passengers carried by motor <miiiibLi^»e H ^hollld U* greater for tlu‘ town 
than for the country. 

THIUD INTEKSATlOXAii KOAD CUMlUEJiS LONDON, lltLJ. 

FIRST QUESTION.— Planning of new streets and roads. 

1. A« a general priuci[ile, it is better that new main roads be eonstrueted to pass out* 
sidOy rather than through towns, ami that, where an existing main road passing through a 
town is unsatisfactory for through traffic, it, is^often Vxitter in i>referenee to widening an 
existing narrow main road thi-ougli the centre of a town. New roads should be planned 
IKSCSOrdiug to the principles of the science of towii-plauiiing. 

^ 2« Gradients on new roads should bo as easy as possible, having regard to the physical 

diaraotep ot the country through which they pass, and they should lx* easier where there am 
gitt'vvili or i\ invt>0Qd^gu of traffic. 
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8. The railii of curves in ruoilx u:<ed bv fust. trulHc should, whdre prttctiiSblde, provide 
file best jioHslble and an nnoiistructud view, and that where this is not' possibie, tHe carve being 
of rthort raiUurt, iiicaDt< hliuuhl be proxided whereby the Hppruaeh tbeieto in in some xi'ny cleiiriy 
indicated. 

4 . Except xvhere it ik iHiHHible to provide s|)ei‘iul ro»M:rved Hpaces fr**-*” trackn arc beHt 
placed in the centre of the roads, and that xvlieii so placed, it is desiiable to pioxide s[»ace 
on either side t'4»r two tracks fur vehicles. 


6. The nmin trnrti<- niads should be HMlesij^icd that spaces are provided for tram trucks, 
fast and slow tnvfllie and standing veliicles. and in such a way that they can proceed without 
nnduly iutcrinixiiig. In fixing building lines along wliat may ultimately become main roads, 
regard should be paid to ultimate requirements. Adequate space fthoiiid be pr<»vided between 
buildings, and powers for enforcing this should l>e held by all authoiities whc» decide the widths 
of roads, 

0. That the planning of main roail eommuiiicatious outside towns should be at onee 
undertaken ; it is a matter of national importance in regard to xx'hich some initiative should 
rest with a central State authority, and the action of lcK‘a4-«ntT?unties shtaild, to some extent, he , 
regulated or supervised by central jiuthqrities. 

SECOND QUESTION -Types of surfacing to be adepfeed on IvMgw, 

▼iaduots, etc- 


1. The choice of road sorfacing for bridges depends on the nature and intensity of the 
traffic^ the local conditions, sneh as permissible first cm > st, kinds of material leadily available, 
and climate. For light bridges the choice is largely infliienced by the xxciglit of the surfacing 
Tablic safety and convenience shonld he first regarded rather than questitmsiff eomparative cost. 

2. On short hrulges in town or country, it i'- desirable that the surfacing shonld be the 
same ns that on the adjoining streets or roads. 

8. In forming the roadway on bridges, special eare should Ik* taken lo secure proper 
drainage and to prevent tlie luirmful percolation of watei xvith longitudinal gradients of at 
least 1 in oO, the cross. scctitm of the surface made be nxade nearly Hat and ’ the dead load 
thus reduced. 

4 . Ah a general rule, the surfacing of a biidge should be wn tergn -oof, capable of resistance 
to wear, durable and of a weight appropriate to thestrueture of the bridge : it should aUu be as 
smooth as possible without being s lipperjr . 

^ riank surfacing on bridges is light, and its first cost is low. Its cost of mainteiinncc is, 
however, execfisive, except wiiere the traftic is light. Its extreme liability* to damage by fire is 
a serious disadvantage. It should not t;c adu|>ted, except in remote districts in which there is 
an abundance of cheap timlier, and where a more deairebie form of snrfaeiiig if not easily 
obtainable, bingle plank floois are only siiitablo for very light trafUe. For moderfite or heavy 
traffic, two layers of planking, the lower of which is ercosoted orotheiwlbe protteted from 
decay, ^ould be ustri. 

6. Macadam, or ordinary broken stone surfacing, on timber plankinp *s not always 

saiiofactory on accdiint of its great weight and Its pe rmeabilitv . Mociitlam Is, however, quite 
satisfactory for massive bridges in rural districts, if tht^^snlMitrucfure btfs a plrei^r damp*proof 
course. . ^ ' 

7. Macada hi bound xvith tar or other water-proof and elastic niuteiiaHs useful and 
ecimbn'i&»i for llie »>dl:fiieing of rural bitdgcs whli‘ moderate traffic xx hen theUpMs Ure sMrt Qi 
ik* s’twicture fs^^ 

8. VtUd biwk '^vin|g/3 to '4 iiic^ tjiick, is mi ideal surfacing for brid|!^in 
caoeSi It is light and durable and l^n tihlidd' oit concrek wlieii weight miW be 

tin a timber s^ffiid^i wMiii t>hotkid be erebsbted. Sjf^elul care Aonid be token Ip tk 

troubles duet(» cxiamtol tigd. 

ttoitmotiun id Hkn Huulu ur ot tb« ttetal 
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9t Aflphalt in rflrlonfl /ormn In an axeelli^nt inrfacing materia) for bridgefl with raffj 
gradients on which fhe tfaflSe ih not confined to deQnito linefl or very heavy. 

10. StontiU 4 tfuuiig, carrier) out with ordinary haudz^jCfiUUttdjuit^ or with ^mall aettaJ Ourax. 
Kleinpfiaflter) laid on (‘oncrete and bound with cement or pitch> mahefl excellent and ec onomic al 
Rtirf^ing for bridge with heavy traifie, J^owever, it ia only snitable in caaea where qiieationa 
of weight of tlie aurfauing or of noiac are of no importance. The thickneea of the layer of 
aand {iiterpoacd between the aette and the foundation will lie decided in the same way aa with 
an ordinary cairiageway in town or eountry, aa the caae may be. 

11, For m oYHble hridg ea and for non-rigid aimpenaion bridg es, the an rf icing ahoutd he 
light and easy to attach to the bridge platform. The Iriak made in France and Dj^lgiuni with 
old mine cablea or other fibroiia rutl»<tancea of even leaa coat, and wi^ aiich niateriala inqiregTiated 
with tany* bltuminoiij*, or aaphaltie materialai KhonUi lie eneourairad. 

THIRD QUBSTIOV.— CoM^otion roaAs bound with tarry, 

bitum^ouB, or aiph(|dtio«|^l^a. 

B,v the line ol' liitiiininoiix. inohiiliiif!: teirv or aophultic tenders we may obtain a number of 
different fonni* of road n ust, which ni«y i>e employed with advantage, ai cording to the variona 
conditions of the road hs regards tratllr, locality, and climate. 

The exact value and duration of life of these vurious road erntts, taking into account 
tradic, climatic conditions an<l tiie meihods of construction, remain to ho dttcimineil. 

For this p:ii|)()se if i.« adtisahle to draw up a uniform system of tests, measurements, and 
records under the folhtwing lieadiijgs : — 

1. Fhysit'al and local conditions.^ (I’lans, cross-sections, slopes, camber , foundations, 
aubiSoil). 

2?. Materials employed, petrological 'analysis, dimensions, compositions of the binding 
agent. 

*2a. Method of construction, date of construction, 
d. Census of traftic on the section under review. 

4. Cli inatlg ciiiid itinnH affecHng the road. 
f». Periodical measurement of wear. 

6. Periodical exanii nation of the state of the road crust. 

7, Actual cost of the road crust {a) as regards cost of construction, (&) as regards 
maintenance cost. 

The s tandard form in which the information is to be furpished be drawn up by the 
Permanent t'ornniission. 

PARTIGULiB CONCLUSIONS. 

J.~ Foundation and drainage, 

Conlirming tl»c coneliisious adopted in 1010 by the secoml Congrci-s (Brussels), (Question 
which valleil attention to the advantages of a dry foundation and a sound sub-soil, the Congress 
especially iiisistji uiKin the great importance of eflicient foundations in the ense of road crusts 

vjr f . f ■ *. I i . . , 

nound with biiuminbus (including tarry or asphaltic) binders for the following reasons 

1. The road crust being expensive, it is imporUint to give it a base which wi|l ^crease 

life. 

2. As weight, speed, and intensity of the traffic continnally tend to increase on mads 
consiiiered worthy of such a (Tust, it is best to provide a foundation which has been ^ 
constructed as to secure for the crust the best possible conditions of resistance to wear. 

//.— Difnentions and slope a^jugfalli^, 

1. When an ordinaiy macadamised road criiat is constructed with a view to being 
teMpawSh it ubimld ba coMtniet«4 vf bard natal with Snip arfgaa, anA bmkan aa^war^M 
IlifqlU* to a enba ot <|»« dimttiaioaa of from 4 to • am. 
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2, In tlip r^n of l)lhiminnn!i, inMmlln<]f tnrry nr asplinlHr. mncadam, rnrrind onf by thn 
mixfnfr prooop^. tlu' rlimonp.ionp» nf the metal may l)e so seleeted aijd jrratled ns to forma 
eompaet road eriist with the fewest possible voids. 

The dimensions of the lar^yest metal may vary aecordinpj to the nature of the stone and 
of the traffle. When the process of construction employed requires more than one layer of 
material, the upper layia* of weariujr crust may l>o formed of smaller metal. 

H. In respeot nf l»ituininouH. inehidiii^ the tarry or as])haltlc road crusts constructed 
by the n enotrati<u» the trials aii<l tests now l)cinj» carried out in various countries 

should 1 m* continued, taking enro only to employ metal of as cubical a shape as possible, and 
with shnrj) ('dues, .at any rate for the jwtion of the road crust nearest the surface. 

4. It i^ uinler.sto(Ml th.at further experiments will also l>e carried out in the use of other 
mothrMls. and espt‘cially those referred to in ])arafrra]»hs (J) and (2). 

7//. — Kuiploymonf t)f partially mf^tal. 

I»y carefully ('liminat iu<r nil partielcs of mud and orLranie mailer, it is possible to 
Miecessfully m.nke use of partially worn materials, on eonditiou that thc'y are not omjdoyed 
for the surface of the road crust, , j y 

IV. — Belativc importance of patching, i 

Jt is aLW'd that it is absolutely necessary to carry out repairs, in the case of all 
bitumiiums. ineludinjLi tarry and asphaltic road crusts, imme«liatcly the necessity for them 
avisos, 

T ' — Perm m / hie wca r. 

Th(‘ compact icnewal r(‘ndered iieeessjiry hy the wear and tear must Ik? carried out- 
imnitMliately tlu* doi»th of tlu* r<»ad crust is 1m*1ow n jiiNcn limit of safety, or when its 
wator*prooMiej' qualities ha\(* liceoine so poor that t lie road will luululy suffer from climatic 
conditions. 

TY — 1 utionx mcam of employing tarry., hitnmitmtM^ and OMphalHe materiaU, 

ill usinu these materials })oth in the penetration method and the mi;&iu^-)»«thod : — 

fn') ll is pr(‘lerable to use dry stone in order that it may adhere well to the bjnder . 
In the mixing mcthotl the stone must be dry, and, if necessary, it must Ijc 
heated. 

{h) One must never lay a top crust n]>on .a soft or damp foundation. 

One should preferably carry out the work in fine weather. 

(r*) One must never enipl(*y too much binder, but only a sufficient quantity to bind 
the portion of the* road which is lieing rolled. 

(^) One must never cniploy road rollers which arc t-oo heavy. 

VII. — Tests and chemical analysis. 

The advaiilajrc* of analysis and methoilical lalx>ratory tests, and their necessity in the 
rase of bituminous binders, are unanimously recognised. 

It would )m* of advantage to olitain nniformity - 

(1) As regards the s|Kicification of the jirincipnl characteristics of these binders. 

(2) A s regards the mctlu'Kls of testing for drawing up tliesc specifications. The 

J'orniancni International < ^miniissioii will lie entrusted with the work of 
inquiring into the licst way of st andardisin g the above.*; 

VI I I. ^Climatic effects. 

It appears to be generally agreeil that certain tarry, bituminous or asphaltic rpad entsts 
(fts is also usually the case with all smooth and water-proof snrfaeesj-may beooiDe slippery 



AWEKWX 5. sHs 

tinder eertnin conditions of irenthor. Thl^i mny lic rcniodlod l>y strewinj? the snrfncr ti’ith 
onarsp sharp sand ; and, in most oases, a prood oloansino; of iho surfai*o will usually prevent 
the earriajjo^vay bceominp: slippery. 

IX . — KffecU on public healthy etc, 

Suflicient information is now available to enable engineers to selcet and specify 
bituminous binders which will have no prcjutlleial offoet upon public h(*alth. lish life, 
or vepfctation, but which, on the eontrar.N, will eoiMluec to comlitions of considcrahk* hypiciiic 
adjantage.^ 

X. — flmnninq and uoteriHy. 

It is recognised that carriageways lU'operly treated with bituminous, including tarry 
or asphaltic materials, require* less sweeping and watering ih.an ordinary water-hound 
maeadamised roads, and that they allow of e(*nsiderahle ccoiioinN bem^ iWVcetcd under 
this head. 

The iiiO(‘ting ]»nts forward the following additional proposals : — 

That an (iiternatioiml Technical (’ominittec should Ijc appointed hy rho Tcrmanent 
International (Vunmission. in onlcr to study a standard method of obtaining 
information and data upon materials. i>h>siial conditions, local conditions, 
mctht^ls (d‘ const met ion, terminol()gy, anti other points concerning macadam 
bound with tarry, bituminous or asjihaltie binders. 

The report of the (’onimiitee should, after examination of tht* IVrmnnent (’oinniiltee. 
1)0 present(*d to the next ('(iiigvoHs, 

FOURTH QUBSTIOK.-Wood paving. 

1. Where gradients permit, w’ood-bloek pnAcmeut is vtu'y suitable for streets whore 

the traffic i.s great, but is not t»f tin* except itmall^ bouvy (‘haraeter usually (‘xlstiiig on streets 

near dticks, or similar centres of imhistrial traffic. It sbould be nsetl when* a iu»iseless 

pavement is ilcsirablo. It is of great importance tlial a eonereto foundation should Ik* laid 

nf sufficient strength to earr\ the tr.itlie passing o\er the pa\cmeut. 

\ 

2. fimit care Is nm'ssary in tla* selection of the pro|)er tindior for tl:e [uirfioso, and all 
soft wood blocks should lx* thoroughly impregnated with a wdi-proved prest'iw at i\e before 
being laid. 

3. In view of the varying results given hy vvootl payements, according, to lfx*al eir- 
cimiBtanees, it is desirable that further invest Igatioris and laboratory experiments should he 
carried out in eoniiection w ith the selection of the timber and of the impr eganting nrese rvatiy o. 

4. Every preeaution sbouhl Ijo taken in laving the blocks to i)ievent. so far as possible, 
the entry of water through the joints. 

4//. Hard w'oods give varying results according to local circumstances, and it does not 
appear dcsirahle to reeoniiucnd tlicm for roads with intense traffic in large cities, unless 
some means arc devised to effectively prevent tl.o rapid destruction of the joints and tlm 
resulting destructive effect on tlic concrete lKdow\ If these wixsls arc employed, it is 
desirable not only to prevent the percolation (*f water through the joints to the foundation, 
hut also to consolidate the bWks as far as pos.si))Ie so that they may not hc^eome roimdcKj 
at the edges. 

Soft wood obtained from suitable kinds of trees, and es|>ceially from n*sinous spef* ies 
are eciually suitable for roads with a comparatively heavy and intense traffic as well as for 
roads with a light and infrequent traffic. In tlic latter, however, the hloc^ks arc liable to 
rot if they have not been suitably picked. It is also desirable to make the joints as small 
and water-tight as possible, On the other band, their comparatively rapid >vear on roads 
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with great traffic cik nniiige one to make ^xlianfttWi In? e^t'gationn into the moanii 
of treating them, t^o ns to increase their strength without imejadice to their elasticity. 

5. Sniijeot to cerrnm precautions, such as impregnating of the wood, water-proofing of 
the joints and surfaces, fretpient cleaning of the roadway, etc., there is no objection to wood 
pavement from iho sanitn iy point of |iew. 

C. The sjircadinv (d‘ grittitlg hr necessary tinder certain conditions and in certain weather 
Cespecinlly w<hmI paving) prevent the surface becoming slippery, Imt the gritting shoiiM 
Ik* done ivith snilahlo small gravel clnppings or sharp sand, so as to atoi*!, ns far as |iossibTe, any 
irjjnry to rubber tyre-t. 

FIFTH QUESTION. -Methods of lishtiag. 

I. For the pnr|)oscs nf a genoral dctcimination of methods of lighting, highways may 
conveniently i)C ditided into three classes ns follows 

(1) Inipoi tniit streets in cities, towns or other nrl>on areas in whicli the traflic, after dark 
is consi<leriii>Ie in V4dilnie. 

(•2) Important sahnjrl[*aM roads in the vicinity of large towne*. 

(H) lliirnl roads in o)»en counhy \ and having regal d to modern conditions of traffic, it is 
oft>ential that adequate lightinj* by means of fixed lights should l^e provided in classes 
1 and 2. 

II. A« n general )»rinciple in the lighting of all highways which reqnlie to be lighted by 

meln^ of fixed lights, the methml of lighting to lie adopted should Ih* such as will provide an 
illuiniiiAtion as iiniforni and free from glare as |M)ssible. The amount of illumination and the 
position of ianqis must lie determined with reference to local ciieamstances. ! 

III. It woald he. impracticable to light r nrat jnad s in open country geneially by similar'^. 
iiictlnKls ir. tho e adopted in urban streets or suburban toads, and the lighting of vehicles run- 
ning or standing on rnial roads at night i-, therefore, of the highest iniportmiee. 

IV. E\erv vehicle, whether utatnliiig or moving, should cany or show a light of sufficient 
power at iiiglit whuh can, except when ospecialh authorised, U‘ seen from the rear as well as 
hoiu the flout of the vehicle. 

(2) Every motor car must carry, after niehtlali, two lighted lanqis in front and one at the 
iiack ; if it i*^ able to nuue at a high speed, it mnst iie fitted in front with a head lamp of suffi- 
cient illumimiting jwiwer to light up the toad or |vath for at least r>0 yards to the front. In 
inhabited places the iirdiiiHiy lighting is sufficient to allow motorists to see their way and tie 
easily seen, the light of the lieiidlights must be limited to that of the ordinary lamp. 

V. It is desirable that all olistacles across a road, such aa gates, and particularly gates at 
l evel crossing s, should be painted white and in other eolonrs in aUeniate parts, and illimiinatoil 
by fixed lights which are lighted at-dusk. 

(2) It it desirahie to jiaiiit white, <ir indicate W w»mc other metho<1,all danger signal posts, 
direction po^ts, and other |K>sts, milestones, w heel Kerlis . bridge abutments, el<*.. or other special 
features rlie iiidicatimi of which would aid travellers or rondiu^ ffi fluTsafety ami convepienee of 
traffic. 

VI. One and the same colour should be adopted as the cplour for danger signals. 

The meeting, on the proi^y^l of Mr. Chaix, unanimously adopted the following resolntion: — 
It is desirable that each Government should do away as soon as possible wdtk (‘oloui^d 

lights on a ntomobile s.” 

On the proposal of Mr, Ilansez, the meeting adopted the following tresoUition, with two 
dissentients 

^ The Congress expresMis the wish that regulati< ps should l>e piade to compel of 

cattle to make their presence known at oiakt.*’ ■ > - ' 
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SikTR QUXSTIOV.-OiiienratioiiB noted eiiice 1908 as to the various causes 
of wear and' dO tertoraijo ^n of roadways. 

I. Wwither floiiditions arc ainirngnt the mtitt piiwert'iil iiiflneni**'H wliirh nm^c deterinnition 
o» ruaus, awl tliat the destructive effect of weather can be miniiiii^ed bv elVectite \taU!r-i>rootiiig 
of the road surface, with suitable drainage for tbe fouiulat»on. 

*2. Aliy ennuidi'rabliMolmiie of tuittic consistiiii: of either hcn\y niot(»r vehicle j or liigli- 
Kpeed liwlit motnr ears has a i»eri<»usly damaging effect t ii water bound luiieadani nsuls. 

The damage eaiise<l is effected by the iNtlaneini; of the motor, the ratio between proi^eUiug 
ppy^er and atjhcsive weight, the weight of unsprimj: portions of the motor, the progjessi\ity ol 
actiott of the l>rakos7tlie system of fpiingiiig, the type of the tyres emplo> ed, the diameter of 
the wheels, the width of the yimj^ variation of speed and ^llierciieo, and other factois. 

The damaging effect of heavy motor vehicles can be iniMimised l»y the ns<' of wheels of 
large diameter, tyres ot a wi<lth properly adapted to the weight of the axle load, rubber or elastic 
tyres and suitable ►priugs, and tliat all reasonable means of redm ing the damage to loads caused 
by such vehiclea should lie enforced. 

4 . Light mohir car trattie docs luit cause serious or exceptional \\eiir or (Jumage in the case 
of properly -made inaeadaiii naids Mhieh have l*een projicrly treated or hound with tuny, 
minouH or asphaltic materials, exi-ept in sharp curves. 

As regards horse-drawn vehicles, it is desirable also to study the relaiiotis In'tweeii loads, 
width of rjjns and diameter <»f wheels, and m<u‘c especiall} the system of shoeing horses. It ju 
also necessary that powers should be given to l<»cfll authorities to prevent the deposit of refuse 
frtim fields and earth from th roadway by (he wheels of agricultural carts. 

5. There is still a great lack of precise information in regaid to the* various causes of waiir 
and detei iomtHiii of road ways and that it is desirable to collect more information compiled on 
carefully devised scientific methods, standardised as far as possible for the purjioses of compari- 
son, and to make further systeniutic study of these causes. 

Tbe International rermanent (/’oinniison is charged with the prepaintion of a programme 
of observations, studies, and e\|ierimcntB. 

SBYBNTH QUlSTIOIf.— Reg:ulBtiooi for fast a>d slow traffic on roads. 

I, That all regulations fur the control <»f road truffle should lie Uiscd on the principle of 
allowing the spied pmciicalile for each different Kind of vehicle cimsisteiit with public safely, 
general convenience, and the normal wear of the road. 

*J. That regulations for the conduct of fust and slow traffic should be as few and simple as 
imsaible, and should be such as can mid ought to be iiiiiver^ully adhered to and enforced. 

a. That in all large cities there should , bo a traffic authority on whom would In? charged 
the duty of studying aud dealing with street traffic problems, and tbe co-ordmutlon of such powers 
wiUi those of other public authorities being matters of detail which must l»e settled by public 
authorities on cousideratioii of ibe cireumstances and conditions of each large city. 

4. 'J hat there nhould be uf traffic controllers (such as tbe imlieo in Loiidou) 

with adequate |Hiwera to regulate tbe traffic, not only at congested points, but throughout the 
course of crowded streets. 

6. Tliat having regard to the increased danger wdiicli ih necessarily created by the 
oouditions of modem traffic, it is iiiiportaiii that drivers shoiiid be carefully and sysiematioally 
tiainedt and that children should be especially taught how to provide against the thuigers of the 
road. 

'0. That except where local circumstauces render it abniolutely iieeessarv, no olistruvtioasi 
fitwh ns Uimp«poflts, tramway standards, ecr., should k* placed in the eciitf c of a rmt l, except 
Uwvmrf rriwgtn for pedtMtriiiin 
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7. No ol»Htrnction ol' the pulfUc hij^hway nhoukl be |jei'initted either by vetiicleB 8lantliiig 
iiiireuisouably, or tnivelliii;: at iiii ol>slructiiig rtpecd, or by thiiij^s placed on the highway. 
Kxceptiuii must, however, be iiukIo for depotn required for the Work of maintenance or repair 
of the road, or for work l)eing carried out by duly authorised and coumetent authorities, but in 
every ease ail necessary steps must be taken to ensure the safety i.f traffic. 

8. The meetings, on the proposni tf Mr. ('haix, imnniniously adopted the following 
resolution 

Regulations f(»r roads and tiuffic aim at defining tlie rights, duties, and 

res|>onsibiiities fur each kind of traffic, in order ti> avoid the causes of accidents 
and damage and to ensure the tiiaxiniuni of order and liberty.’’ 

EIGHTH QUESTION.— Authorities in charg>e of the construction sad 
maintenance of roads. Functions of central and local authorities. 

1. The system of road administration in any couiifry must be in harmony With the 
general system of Government prevailing in that country and tiic political genious of its people. 
It is impossible to lay down any general rule of iinivers.il application as to the exte^iit to wlpch 

the road organisation of any country should Ikj ceiiiri^isod or decentralized. bi // 

'' 

2. A principle that can be laid down as of universH.1 application is that the unit of 
highway administrations shall be sufficiently large and conimnnd sufficient resources tu employ 
and udcHjuatfely remunerate a co mpetent sta ff. 

NINTH QUESTION.— Finance of the construction and upkeep of roads. 

Provision of revenues. 

1. The exiieiiditure of the nuiinlenance ami improvement of— 

(a) The roads which serve as main routes of communication between important places 
in any country j or, 

(Jb) Roads which are used mainly by Jong distance traffic. 

Unless such exjKJiiditure is borne wholly out of the National Kevcimes under a system 
of (itate administration of roads (which system is practicable and suitable in the ease of 
some roads in some coiiniries) should be inaiiiiy jjaid oul of Nniional Revenues, whether or not 
such roads are locally administered and maintained, subject, where local ndministratiou prevails 
to the supervision of a central Goveiument Authority both as to etlicieiiey add expenditure. 

2. It is desirable to nljolish, so far as possible, all tolls on public roads, and it is equitable 
that vehicles which, on aecoun: of their weight, or weight combined with speed, or any other 
exceptional eircuiustauces euiineeted with either the vehicle oi use of the rond, cause special 
damage to roads beyond the wear and tear f»f the ordinary traffic of any district, should be 
subject to sijecia) taxnti«)ii, the proceeds of which should be oai marked for expenditure on roads. 

3. )3orrowiiig money for new road construction and for the [leriouic reiiewpl of the surf ace 
coating of a road is consistent with sound hnancial principleis provided the loan perio d in the 
case of ioiius fur renewals in kept well within the life of the surbicc c« atiiig. 








